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PULMONARY ARTERIOLAR SCLEROSIS 

A CLINICOPATHOLOGIC STUDY 

DONALD H KAUMP, MD 
Fellow m Pathology 

At^D 

THOMAS J DRY, MB 

ROCHESTER, MINN 

111 the past few yeais distuibances of the pulmonaiy circulation hate 
been studied with lenewed interest, and the term pulmonary hypei ten- 
sion has gamed moie univeisal usage The relative obscurity to which 
the pulmonai}’’ aiteiial tiee has been i Negated can be attributed to the 
tollowmg causes (1) its inaccessibility during hie, (2) the lack of 
accurate anatomic ciiteria whereby pathologic changes in the different 
paits of the pulmonaiy arterial tree can be correctly evaluated at 
necrops}’ and (3) the similarity of the clinical manifestations of diseases 
of the pulmonary arteiial tiee to those of cardiac diseases and pulmonar}" 
disturbances 

The name A 3 ^erza’s disease is closely linked with diseases of the 
pulmonary artery This term has had an interesting influence on the 
conception of diseases of the pulmonary aitery According to Brennei,^ 
in the case originally discussed b)'’ Ayeiza, in which the patient was 
desciibed as a black “cardiac,” neciopsy disclosed dilatation of the 
bionchi, peiibionchitis and h 5 'pertiophy and dilatation of the light 
auricle and right ventricle, but the pulmonaiy vessels were not even 
mentioned ' 

In cases in which cyanosis was a piomment clinical finding and in 
which atherosclerosis of the pulmonaiy artery was noted at necrops} 
the condition came to be labeled Ayerza’s disease Vaiious viewy's were 
expressed as to etiology, and when Warthin, in 1917, repoited that he 
had found spirochetes in sections of an aneurysm of the pulmonary 
artery of a patient, who incidentally was not even cyanosed, he started 
an unwarranted w’^ave of enthusiasm for accepting syphilis as at least 
one of the etiologic factors in Ayerza’s disease Meanwhile this name 
w^as used universally to denote a variety of anatomic lesions in the pul- 

From the Mayo Foundation and the Division of Medicine, the Mayo Clinic 

1 Brenner, O Pathology of the Vessels of the Pulmonary Circulation, 
Arch Int Med 56 976-1014 (Nov ) 1935 
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monary vessels and lungs, including probably piimaiy oi aiteriolai 
pulmonaiy scleiosis While the name inadveitently helped to attract 
attention to diseases of the pulmonary artery, it also helped to add to 
the confusion which exists concerning the nature of these diseases 

Study of the literature bearing on disease of the pulmonary arteiy 
is especially difficult, because authors have exeicised insufficient dis- 
crimination in considering changes m the pulmonary artery and its largei 
blanches, on the one hand, and those of the aiteiiolar system, on the 
other hand To add to the difficulties, no uniform terminology is 
employed in defining the term arteriole Finally, theie is no cleai undei- 
standing of what constitutes the pathologic changes of aging and what 
IS definitely disease Therefore, while a gieat many facts aie known 
about pathologic changes in the pulmonaiy cii dilation, it is to be 
expected that a considerable amount of reanangement will occui before 
they will finally appear in their proper perspective 

PATHOLOGIC CONSIDERATIONS 

In approaching this study we accept in a general way the following 
facts lelative to the pathologic changes in the pulmonaiy aiteiial tree 

Atherosclerotic changes of the pulmonary artery and its mam 
blanches are a frequent accompaniment of conditions associated with 
inci eased pressure within the pulmonary circulation Mitral stenosis is 
peihaps the condition which most frequently is responsible for athero- 
scleiotic changes in the pulmonary artery and its mam blanches, but 
Parkei and Weiss ^ recently have described aiteriolar changes in five 
of ten cases of mitral stenosis These changes consisted of hyperplastic 
arteriolar sclerosis and arteiiolai necrosis They were not noted in five 
cases of congenital cardiac septal defect, m twelve cases of congestive 
circulator)’- failure of syphilitic and hypertensive oiigin, in fifteen cases 
of emphysema, in one case of marked kyphosis and scleiosis of the 
larger pulmonary arteries, in twenty cases of thiombosis oi embolism 
of the pulmonary arteiies, in nineteen cases of chronic inteistitial pneu- 
monitis or in three cases of pulmonaiy fibrosis of noncardiac origin 
In this connection it is interesting to know that the exposure of rats to 
compressed air was reported to lead m time to lesions in the small 
arterioles of the lungs The lesions consisted of a thickening and hya- 
linization of the walls and ultimate thrombosis of many of the 
arterioles ® 

2 Parker, Frederic, Jr, and Weiss, Soma The Nature and Significance of 
the Structural Changes in the Lungs in Mitral Stenosis, Am J Path 12 573-598 
(Sept) 1936 

3 Smith, F J C , Bennett, G A , Heim, J W , Thomson, R M , and 
Drinker, C K Morphological Changes m the Lungs of Rats Living Under 
Compressed Air Conditions, J Exper Med 56 79-89 (July) 1932 
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Sdeiotic changes aie almost constanti 3 < present in the difteient sub- 
diMSions of the pttlmonai}' circulation Bienner^ observed some degree 
of micioscopic athei osclerosis in 97 per cent of one bundled unselected 
cases in uhich neciopsy was peifoimed He noted that its se\ eiity 
increases somewhat with age and with conditions which aie thought to 
be associated with inci eased pulinonai}’- arterial piessure These obsei- 
\ations coiiespond closely with the obseivations related to the systemic 
ciiculation, and m the absence of demonstrable disease elsewheie the} 
possibly repiesent nothing moie than changes incident to age At any 
late, they become important onl} when circulator}'’ embariassment lesults 
fiom their presence, and in this legard the vascular system seems to 
possess a leserve which is not readily exhausted 

Localized athei osclerotic oi endarteiitic changes fiequently aie asso- 
ciated with such lesions of tlie lung as abscesses, tuberculosis and bion- 
chiectasis, and arteiitis due to syphilis and that due to rheumatic fevei 
are well lecognized entities 

Diffuse scleiosis of the pulmonai} aiteiioles may occur nithout 
obvious reason Extensive scleiosis of the pulmonar} aiteiies, such as 
that associated with cardiac or pulmonary disease, which occuis without 
any obiious leason, is a rare but well established pathologic entity In 
this so-called piimaiy pulmonai y vascular sclerosis the important patho- 
logic changes occur in the smaller aiteries, and there is associated liypei- 
trophy of the light ventiicle It is this t^pe that is of special interest 

MATERIAL AND METHODS OF STUDY 

Oul appioach to the pioblem of sclerosis in the pulmonai} ciicula- 
tion IS based on (1) the study of a group of cases in which theie were 
sclerotic changes in the pulmonai y arterial tree, (2) the clinicopathologic 
analysis of twelve of the cases m which there was diffuse sclerosis of 
the pulmonar)'^ arterioles and (3) the consideration of the physiologic 
principles on which these symptoms and changes may be based 

We selected twenty-nine cases in which detailed microscopic studies were 
earned out on all the divisions of the pulmonary artery These cases may be divided 
into two groups (1) sixteen cases in which there was gross evidence of scleiosis 
of the pulmonary artery, but no unusual microscopic evidence of arteriolar sclerosis, 
and (2) thirteen cases in which there was microscopic evidence of arteriolar 
sclerosis distributed diffusely throughout both lungs In three of the first group 
of cases there was hypertrophy of the right ventricle In two of these cases there 
was definite evidence of chronic mitral endocarditis, which m all probabilitj' 
accounted for the ventricular hypertroph)’’, but in the third case no adequate reason 
for the hypertrophy of the right ventricle could be found This group requires no 
further comment, as the pathologic observations w'ere similar to and corresponded 

4 Brenner, O Pathology of the Vessels of the Pulmonary Circulation, 
Arch Int Med 56 457-497 (Sept ) 1935 
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with the accepted conceptions of atherosclerosis of the larger arteries in the sys- 
temic circulation In eleven of the thirteen cases in which there was microscopic 
evidence of arteriolar sclerosis there was definite hypertrophy of the right ventricle 

Anatomic Criteria — One of us (D H K ) has been able to determine in a series 
of sections of normal lungs of infants that muscle is present in the media of 
vessels with an outside diameter of 30 microns With increasing age the muscular 
layer of the media is seen to be present only in vessels of progressively greater 
diameter Thus, in cases in which the patients are from 70 to 80 years of age there 
IS no muscle in the media of vessels with an outside diameter of less than from 160 
to 180 microns Hence, we have included as arterioles those vessels with an outside 
diameter of less than 300 microns, in order to make sure that we were well beyond 
the size of vessel in which pathologic changes and changes attributable to advanc- 
ing age might be confused This feature also obviated the necessity of adjusting 
our criteria of normalcy for each separate age group 

Grading of Sclerosis — After a careful consideration of the data in the cases in 
the second group, it was found that the sclerosis could be roughly grouped into four 
grades according to the degree of involvement In sclerosis of grade 1 the initial 
arteriolar change appeared to consist of a thickening of the media (fig 1 A) 
This apparently was due to two elements, namely, an increase in elastic connec- 
tive tissue and hypertrophy of the muscle fibers This media thickening was asso- 
ciated with a splitting of the internal elastic lamina and an increase in elastic 
fibrils , some of these fibrils extended into the intima and the media from the elastic 
lamina In sclerosis of grade 2 (fig 1 B), which followed or in some cases accom- 
panied sclerosis of grade 1, there were patches of medial degeneration, which con- 
sisted of vacuolation, pyknotic nuclear changes, hyalinization and fatty changes 
As the sclerosis progressed to grade 3 (fig 2 A) the intima became increasingly 
thickened by the formation of fibrous tissue, and the media in a comparable mannei 
became gradually thinner Thrombi were present in one case These appeared 
to be of various ages, as some had undergone partial or complete organization In 
sclerosis of grade 4 (fig 2B), that is, the most advanced lesion noted in this 
group, the intimal thickening was intense and produced almost complete occlusion 
In three cases the sclerosis was of grade 1 , in four cases, grade 2 , in four cases, 
grade 3, and in two cases, grade 4 

Associated Hypertiophy of the Right Ventiicle — Finally an attempt was made 
to correlate the degree of sclerosis and the amount of hypertrophy of the right 
ventricle As no practical method is known whereby the degree of hypertrophy of 
independent ventricles can be accurately computed, a rough estimation of the size 
of the ventricles was made, and the results were compared with what we consider 
to be the normal size of the right ventricle This was carried out independently, 
without reference to the degree of vascular disease present in each case, in order 
to arrive at unbiased conclusions The coi relation showed a rather close ratio 
between the degree of arteriolar sclerosis and the degree of v^entricular hypertrophy 

CLINICOPATHOLOGIC CONSIDERATION 

Clinical data weie available in twelve cases m which arteriolai 
changes weie present The twelve cases were further studied m ordei 
to determine whether any special features would be revealed by the 
recorded symptoms and objective changes which would be characteristic 
or suggestive of these arteriolar changes The fiist noteworthy feature 
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Fig 2 —A, arteriolar sclerosis, grade 3 , X 530 B, arteriolar sclerosis, grade 
4, X 385 
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was the entiie lack of con elation between the degiee of aitenolai sclero- 
sis and the degiee of physiologic distiiibance, in fact, on further analy- 
sis it immediately became appaient that these cases automatically divided 
themselves into the thiee following gioups 

Gioup 1 (Table 1) — ^This gioup consisted of four cases in which 
the caidioiespiiatoiy symptoms veie either m complete abeyance or 
appealed only as a teimmal event Yet in thiee of the cases in this 
gioup theie vas a lathei maiked degiee of aiteiiolai scleiosis (table 1) 
Death seemed to be due to an uni elated disease 

CvsE 1 — A man aged 74 presented himself for examination because of 
abdominal symptoms, vhich pio\ed to be due to carcinoma of the lectum His 
on!} comment referable to the cardiorespirator}'^ S 5 'sten] was that his “wind was 

T WLE 1 — Data on Cases of Aitenolai Scleiosis m Winch Thcie IVcic no 
Picz'ions Caidioicspuatoiy Symptoms (Gioup 1) 
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poor when the gas pressed up against the lungs ” The value for the blood pressure, 
expressed in millimeters of mercury, w'as 210 systolic and 100 diastolic The elec- 
trocardiogram showed left axis deviation, with an iso-electnc T w^ave m lead I 
The %alue for hemoglobin w^as 13 Gm per hundred cubic centimeters of blood, and 
the erythrocytes numbered 3,890,000 per cubic millimeter of blood The patient 
died as the result of infection followung resection of the rectum 

Summaiy — There w'as slight generalized pulmonary arteriolar sclerosis (grade 
1), wuthout symptoms 

Case 2 — A man 44 3 ^ears of age had had symptoms of thrombo-angiitis 
obliterans for nine years There had been no symptoms referable to the cardio- 
respiratory system, and physical examination did not reveal any abnormalitj^ The 
value for the blood pressure, expressed in millimeters of mercury, was 120 systolic 
and 70 diastolic The value for hemoglobin was 14 8 Gm per hundred cubic centi- 
meters of blood, and the erythrocytes numbered 4,870,000 per cubic millimeter of 
blood Roentgenologic examination of the thorax did not disclose any abnormality 
After cervical sympathectomy had been performed labored breathing and slight 
cyanosis developed, but these symptoms disappeared entirely after the patient had 
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been in an oxygen chamber for twenty-four hours Eight months later lumbar 
sympathectom}^ was performed Within a few hours, after a few gasping breaths, 
the patient died suddenly of coronary thrombosis ^ 

Stiminaiy — There was arteriolar sclerosis of grade 3, without any symptoms 
except those which followed operation There was nothing about the arteriolar 
sclerosis to suggest that it was related to thrombo-angiitis obliterans 

Case 3 — A man aged 68 sought medical advice because of a general decline in 
health and because he had had a gastro-mtestinal hemorrhage There were no 
cardiac symptoms Examination of the heart and lungs and roentgenologic exami- 
nation of the thorax did not reveal any abnormality The value for the systolic 
blood pressure was 154 mm of mercury and that for the diastolic pressure was 
80 mm The value for hemoglobin was 8 2 Gm per hundred cubic centimeters of 
blood, and the erythrocytes numbered 2,770,000 per cubic millimeter of blood The 
electrocardiogram showed left axis deviation and an inverted T wave in lead III 
The patient died after a massive hemorrhage, which proved to have been caused by 
an ulcerating carcinoma of the papilla of Santorini that had eroded into the 
duodenum 

^nimnaiy — There was marked pulmonary arteriolar sclerosis (grade 3), with- 
out symptoms 

Case 4 — A man aged 56 came to the clinic because of an indefinite ulcer-hke 
type of indigestion which was relieved by the ingestion of food or alkali He 
admitted that he had slight dyspnea on exertion Roentgenologic examination 
of the thorax revealed only a tortuous aorta The value for the systolic blood 
pressure was 118 mm of mercury and that for the diastolic pressure was 90 mm 
The value for hemoglobin was 14 2 Gm per hundred cubic centimeters of blood, and 
the erythrocytes numbered 4,570,000 per cubic millimeter of blood Roentgenoscopic 
examination of the stomach revealed a lesion in the prep 3 doric region Exploration 
was carried out, and the postoperative course was uneventful until the tenth day, 
when the patient died suddenly of pulmonary embolism 

Summary — There was arteriolar sclerosis (grade 4) in the lesser circulation, 
with only slight symptoms Death was due to postoperative pulmonaiy embolism 

Group 2 — This group was repiesented by one case in which pul- 
monary aiteiiolar scleiosis was associated with a large substeinal goitei, 
which displaced the tiachea 

Case 5 — A man aged 66 came to the clinic because of cough, which had been 
present for many years but which had become worse in the previous two months 
and had been associated with increasing dyspnea on exertion He had known of the 
presence of the goiter for twenty years The goiter extended substernally and 
displaced the trachea The basal metabolic rate was -f 33 per cent The value foi 
the systolic blood pressure was 170 mm of mercury and that for the diastolic 
pressure was 108 mm The value for hemoglobin was 17 2 Gm per hundred cubic 
centimeters of blood Examination of the heart and lungs did not reveal anv 
abnormality When thyroidectomy was attempted, so much respiratory difficulty 
developed that the operation was stopped, and the patient was temporarily trans- 
ferred to an oxygen tent No further surgical treatment was undertaken until two 
months later Meanwhile the dyspnea had improved somewhat, but it was noted 
that the auricles fibnllated paroxysmally At the time of thyroidectomy the sur- 
geon noted that the right lobe of the thyroid gland was eight times the normal size 
and that the left lobe was twelve times the normal size, the trachea was con- 
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siderably distorted Although the patient was placed m an oxj'^gen tent post- 
operatively, he had numerous spells of dyspnea and finally died Despite the 
occurrence of auricular fibrillation, there never was any evidence of failure 

Suimnaiy — ^There was a combination of arteriolar sclerosis (grade 1) and 
interference with ventilation due to mechanical obstruction of the trachea 

Gwup 3 — ^This gioup was comprised of seven cases in which theie 
were varying degiees of arteriolar sclerosis (table 2) Despite the 
difference in the degree of arteriolai involvement m these cases, the 
clinical picture and final outcome weie strikingly uniform 

Table 2 — Dafa on Cases m Winch Aitenolai Sclerosis was Associated with the 
Clinical Pictine of Mailed Congestive Heait Failure (Gioup 2) 
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right ventricle, 
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lead II and Inverted 
T wave In lead III 

91 
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Mitral stenosis 

1 
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100 

131 

6 04 

Emphysema and 
hypertension 

3 

Preponderance of 
right ventricle 

120 

80 

16 3 

6 68 

Emphysema 


Case 6 — For eight jears a man aged 47 had experienced “gas pains,” which 
had been associated with effort and had been relieved by rest The abdominal pain 
at times had been associated with pain in the left arm In the two years before he 
came to the clinic he noted dyspnea on exertion, but he no longer experienced the 
pain which previously had been present For three months before he came to the 
clinic the dyspnea increased to orthopnea There was edema of the legs, which was 
of recent origin Examination disclosed considerable congestion at the bases of 
the lungs, the liver extended several inches below the costal margin and there was 
peripheral edema Cyanosis was rather marked and became progressively worse 
The value for the systolic blood pressure was 135 ram of mercury and 
that for the diastolic pressure was 98 mm Roentgenologic examination of the 
thorax revealed cardiac enlargement A gallop rhythm was present There was 
a systolic bruit at the apex, and the pulmonic second sound was accentuated The 
value for hemoglobin was 143 Gm per hundred cubic centimeters of blood, and 
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the erythrocytes numbered 4,540,000 per cubic millimeter of blood The electro- 
cardiogram showed right axis deviation, with inversion of the T wave m leads II 
and III There was considerable evidence of generalized arteriosclerosis The 
patient did not respond to treatment The clinical impression was that the symp- 
toms were attributable to coronary disease, and it was suggested that he had had 
an occlusion of the posterior basal portion of the left ventricle or that he had 
disease of the pulmonary artery Necropsy disclosed marked coronary sclerosis, a 
healed infarction and arteriolar sclerosis of the pulmonary vessels 

Sumiiimy — There was arteriolar sclerosis (grade 1) associated with advanced 
coronary sclerosis 

Case 7 — A man, aged 57 had enjoj^ed good health until two years before he 
came to the clinic, ivhen he began to note discomfort in the upper part of the 
abdomen About the same time he noted dyspnea on exertion His condition 
remained about the same until a few months before he came to the clinic, when 
edema of the ankles, increasing dyspnea and cough became the predominant fea- 
tures Examination revealed emphysema, orthopnea, distention of the veins of 
the neck, cyanosis, massive edema, and a systolic bruit, which was audible over the 
entire precordium The value for the systolic blood pressure was 120 mm of 
mercury and that for the diastolic pressure was S2 mm The value for hemoglobin 
was 17 Gm per hundred cubic centimeters of blood, and the erythrocytes num- 
bered 4,060,000 per cubic millimeter of blood Despite treatment, the patient 
became irrational, failed rapidly and died 

Snmviaiy — There was a combination of emphysema and arteiiolar sclerosis 
(grade 1) of the pulmonary vessels 

Case 8 — A man aged 45 was first seen at the clinic m 1929 Dyspnea, cough 
and pain in the upper part of the abdomen developed two months before he came 
to the clinic, and he recently had had “influenza ” The limbs were edematous, 
dyspnea was marked and there was some cyanosis The liver was palpated 1J4 
inches (3 7 cm ) below the costal margin There was a systolic bruit, which was 
best heard over the aortic area, this was accompanied with a thrill A definite 
diagnosis of aortic stenosis was made It was noted that, despite an aortic lesion, 
the pulmonic second sound was accentuated, and the electrocardiogram showed 
right axis deviation, a diphasic T wave m lead II and an inverted T wave in lead 
III Roentgenologic examination of the thorax revealed passi\e congestion at the 
bases of the lungs The value for the systolic blood pressure was 136 mm of 
mercury and that for the diastolic pressure was 108 mm The value for hemoglobin 
was 17 Gm per hundred cubic centimeters of blood, and the erythrocytes numbered 
4,780,000 per cubic millimeter of blood The patient responded satisfactorily to the 
administration of diuretics, he was allowed to return to his home but was 
adiised to take maintenance doses of digitalis He remained comfortable and free 
from edema for twelve months, he then caught cold, and the dyspnea and edema 
returned within a few w'eeks His condition rapidly became w'orse, there were all 
the evidences of marked congestive heart failure Despite the administration of 
diuretics he failed rapidly Necropsy revealed calcareous aortic stenosis 

Suvimaiy — There was aortic stenosis (calcareous) associated with pulmonary 
arteriolar sclerosis (grade 2) 

Case 9 — A man 51 jears of age had had bronchial asthma for tw^enty years 
He had been able to continue w'ork, first as an iceman and later as a milkman, 
until five months before he came to the clinic, when he began to have severe 
attacks of dyspnea The report does not state whether these differed in any 
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way from the former attacks of asthma Two weeks before he came to the dime 
the djspnea became constant and severe, and there was rapidly developing edema 
During this time he had considerable pain across the upper pait of the abdomen 
He was orthopneic and markedly cyanosed, the legs were edematous and there 
were moist rales at the bases of both lungs The cardiac sounds were indistinct 
The ^alue for the systolic blood piessure was 116 mm of mercury and that for 
the diastolic pressure was 84 mm The liver was palpable The patient died a 
lew' hours after he was admitted to the hospital 

Suiumaiy — There were long-standing asthmatic bronchitis and sclerosis of the 
pulmonari arterioles (grade 2 ) 

C\SE 10 — A w’oman aged 39 had had slight dyspnea on exertion for several 
jears Two jears before she came to the clinic she had an illness which was 
described as influenza and bronchitis, afterw'ard the dyspnea became progresswelv 
worse, and enlargement of the abdomen was noted Finally edema of the legs 
del eloped Repeated abdominal paracentesis was necessary In the eight months 
be tore she came to the clinic she had a persistent cough and some fever She 
presented a clinical picture ot marked congestne heart failure with cyanosis, the 
leins ot the neck were distended, and there was auscultatory evidence of mitral 
stenosis, including marked accentuation of the pulmonic second sound Roent- 
genologic examination revealed fluid at the base of the right lung The electro- 
cardiogram showed right axis de\iation, a diphasic T w'ave in lead II and an 
imerted T wa^c in lead III The patient did not respond to treatment and failed 
rapidh The predominance of ascites suggested the possibility of adhesive peri- 
carditis, or at least it w as felt that some condition w’as present in addition to mitral 
stenosis The value for hemoglobin was 13 5 Gm per hundred cubic centimeters 
of blood, and the crjthroc 3 tes numbered 3,950,000 per cubic millimeter of blood 
The ^aluc for the sjstolic blood pressure was 94 mm of mercury and that for 
the diastolic pressure was 68 mm 

Summaiy — There was mitral stenosis associated with marked pulmonary 
artcViolar sclerosis (grade 3) 

C\SE 11 — A w’oman aged 67 had had asthmatic attacks for eighteen years, 
these had occurred mostly during the summer and had been associated with a 
chronic nonproductive cough For five 3 ears she had become dyspneic after 
exertion Edema of the ankles W'as first noticed two years prior to her visit to 
the clinic After that the dyspnea which occurred after exertion became markedly 
worse, and there was evidence of increasing congestive heart failure The value 
for the sj'stolic blood pressure was 160 mm of mercury and that for the diastolic 
was 100 mm There was a systolic bruit at the apex, otherwise the cardiac 
findings were not remarkable The value for hemoglobin was 13 1 Gm per 
hundred cubic centimeters of blood, and the erythrocytes numbered 5,040,000 
per cubic millimeter of blood The clinical diagnosis was bronchial asthma, asso- 
ciated emphysema and hypertensive and arteriosclerotic heart disease with decom- 
pensation It was suggested that the cardiac findings did not explain the clinical 
picture entirely 

Swmnary — There was a combination of emphysema, hypertensive and arterio- 
sclerotic heart disease and pulmonary arteriolar sclerosis (grade 3) 

Case 12 — ^The patient was a man aged 51 who had been a coal miner for 
thirty years Nine years before he came to the clinic he began to suffer from 
dyspnea on exertion This became so severe that he was obliged to stop work four 
y ears later At that time he had attacks of choking at night , the choking was 
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relieved when he slept on his abdomen At the same time pain developed in the 
upper part of the abdomen, it extended to the back and was associated with 
much nausea and vomiting Two months later a cholecystectomy was performed 
because of the pain, but no details are available as to what was observed at that 
time Two years before the patient came to the clinic he had a pulmonary hemor- 
rhage Eighteen months later he first noted edema of the ankles, at the same 
time an increase in the seventy of the dyspnea and a recurrence of the abdominal 
pain were noted His condition had become progressively worse When he came 
to the clinic there was evidence of marked congestive heart failure Examination 
disclosed massive edema, ascites, rales at the bases of the lungs, congestion of the 
liver and clubbing of the fingers A systolic bruit was audible at the apex, and 
the pulmonic second sound was accentuated The electrocardiogram revealed right 
axis deviation These findings led the clinician to make a diagnosis of disease 
of the mitral valve The interference with pulmonary ventilation was so great, 
however, that it was considered to be the result of emphysema rather than the 
result of the valvular heart disease The value for the systolic blood pressure 
was 120 mm of mercury and that for the diastolic pressure was 80 mm The 
value for hemoglobin was 16 3 Gm per hundred cubic centimeters of blood, and 
the erythrocytes numbered 5,680,000 per cubic millimeter of blood The patient 
failed rapidly, in spite of the usual methods of treatment 

Summary — The presence of emphysema was confirmed at necropsy, and there 
was arteriolar sclerosis (grade 4) of the pulmonary arterioles 

Comment on Cases Gi oup 3 — ’The typical picture seen in tins third 
group of cases may be described as follows In all the cases there was 
a history of dyspnea on exertion the dyspnea had been piesent for 
several years and often had been initiated or, at any rate, aggravated 
by an intercurrent infection of the upper part of the respiratory tract 
In two cases seasonal asthmatic attacks had occuired for several yeais 
In some cases dyspnea was the only symptom for a time, but it was 
usuall)’^ progressive, in some cases it was lapidly so Distress in the 
upper part of the abdomen fiequently was present and unquestionably 
was evidence of early congestive heait failure Once objective evidence 
of congestive heart failure became manifest, the course proceeded rathei 
rapidly down-hill, coughing became a troublesome symptom, edema 
became massive and dyspnea became extreme Cyanosis should occur 
relatively early, but in this group of cases the patients were not seen 
at this stage of illness In the final stages the signs of marked venous 
congestion and cyanosis were much in evidence, the patients became 
irrational and a semicomatose condition ushered m death While in most 
respects this is the picture of failure of the light side of the heart, theie 
are some rather interesting differences, namely, the lapid decline in the 
last phases and the almost entire lack of response to theiapy which 
ordinarily affords at least temporary relief and often effects a diamatic 
diuresis, with resulting subjective improvement m cases of puiely myo- 
cardial decompensation Finally, the most important featuie in these 
cases was the lack of con elation between the ascertainable cardiac 
changes, on the one hand, and the degree of physiologic derangement. 
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on the other It is unusual for caidiac disease to be fatal in its fiist 
break of compensation if aii}'- leasonable theiapy is combined with rest 
in bed In only one case was tbeie a bistor)’’ of congestive heart failuie 
in which the patient lesponded satisfactoi ily to tieatment a year before 
coming to the clinic In this case theie was also calcareous aoitic steno- 
sis, which might well have been the cause of the decompensation at that 
time After a “cold” a second bieak in compensation occuried and tei- 
minated in a mannei similar to that in the other cases m this group 

Furthei analysis of this group discloses that in each case an addi- 
tional factoi was present In practically eveiy instance the attending 
clinician commented on the fact that the heait disease seemed insufficient 
to account for all the clinical manifestations present 

PHYSIOLOGIC PRINCIPLES ON WHICH THE SYMPTOMS AND 

SIGNS MAY BE BASED 

The whole matter might be dismissed with the inference that the 
coexistence of more than one pathologic process is m itself an adequate 
explanation While this, in the mam, is true, the pioblem of evaluating 
the relative significance of each individual factor conceined is as impor- 
tant as the recognition of its presence 

In an attempt to evaluate the eftects of disease in the cardiac and 
pulmonaiy systems, it is well to review the mechanisms which produce 
the resulting symptoms 

The Mechamsm of Congestive Heait Faihne — Congestive heart 
failure results fiom a set of circumstances which cause the heart as 
a pumping organ to fail to supply blood in adequate amounts to meet 
the demands imposed by the daily activities of the patient In othei 
words, the heart fails to transfer blood effectively from the venous to 
the arterial side, so that pressure within the venous system is increased 
and as a lesult of increased venous pressuie the speed of the blood 
flow diminishes, stasis occurs and edema develops Except in the earliest 
stages of heart failuie, this increased venous piessure can be elicited 
clinically It is conceivable that when the cardiac leserve begins to be 
diminished, the lungs pla}'- a compensatory role by opening up the capil- 
lary bed in an attempt to inciease the ventilating function Theie is 
a great deal of evidence to show that the pulmonary vascular bed can 
expand and contract as required ^ In the later phases of congestive 
heart failure, with the development of edema, there is actually an inter- 
ference with gaseous exchange The cardinal symptoms of heait failure, 

5 Wearn, J T , Barr, J S , and Geiman, W J The Behavior of the 
Arterioles and Capillaries of the Lung, Proc Soc Exper Biol & Med 24 114-115 
(Nov ) 1926 Drinker, C K , Churchill, E D , and Ferrj’’, R M The Volume 
of Blood m the Heart and Lungs, Am J Physiol 77 590-624 (Aug ) 1926 
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dyspnea, cyanosis, cough and diminished vital capacity, aie also the 
symptoms of pulmonary disease, but the mechanism of their production 
IS entirely different in these diseases 

The Mechanism of Pulmonaiy Failuie — ^The main function of the 
pulmonary system is to oxygenate venous blood As one speaks of “cai- 
diac reserve” and its loss in heart disease, it is convenient to speak of 
“pulmonary leseive,” with the implication that the lung is able to become 
accommodated to varying amounts of work and that when it becomes 
diseased, or when its function is otheiwise inter feied with, there will 
be a loss of pulmonary leseive until a stage is leached at which the lungs 
can supply oxygen to venous blood at only a much letarded speed Even 
if the heait is circulating blood at a normal or at even an increased 
speed, there will still be a relative deficiency of oxygen and hence 
dyspnea, for the immediate cause of dyspnea, no matter how it is pro- 
duced, is a lack of oxygen in the tissues Any process which interferes 
with the flow of oxygen to the alveoli of the lungs will have exactly 
the same effect as it did in case 5 

The Caidioi espii atory System as a Functional Unit — ^The cardio- 
respiratory system may well be considered as a functional unit It is 
evident that the cardiac pump and the ventilating lung are functionally 
inseparable It is interesting to visualize the simple arrangement in the 
fish The heart, which contains only venous blood, discharges its con- 
tents by a system of afieient vessels into and through the gills, where 
gaseous exchanges occur A corresponding group of efferent vessels 
conducts the oxygenated blood to the systemic circulation The human 
cardiorespiratory system, while it is a complicated mechanism anatom- 
ically, corresponds to the same simple plan functionally Thus, the right 
side of the heart discharges the venous blood into the lungs The aiteri- 
olar system is interposed between the heart and the alveolar system, 
the radicles of the pulmonary vein and the left side of the heart con- 
stitute the efferent system and distribute the oxygenated blood to the 
systemic circulation It is important to consider the nature of these 
components and the manner in which then function is affected 

Afferent System The right side of the heart and the pulmonary 
vessels are seldom the seat of primary disease Disease of the tricuspid 
valve, pulmonic stenosis and abnormal shunts of blood associated with 
congenital leions may throw added strain on the right ventricle and 
adhesive pericarditis may interfere with its function Any disease in 
the pulmonary system or in the left side of the heart which will inci ease 
venous pressure will inevitably cause strain of the right ventricle, and 
if it lasts long enough it will cause failure of the right ventricle 

Arteriolar System We are presenting further evidence that arterio- 
lar sclerosis is a definite pathologic entity and that it can occui as an 
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independent lesion in Aai}ing degiees of seveiit} Even less is known 
about its cause and its incidence than is known about the con esponding 
lesion in the gieatei cii dilation That the light side of the heart can 
become adapted to the lesistance aiising fiom the presence of aiteiiolai 
scleiosis IS i\ell illustiated b}^ the foui cases in which, despite inaiked 
arteriolai changes in thiee and associated hypeitioph)^ in the right ven- 
tiicle in all but one, theie was no appieciable deficiency in pulmonaiy 
circulation While it did not occtii in oui sei les, f ailui e of the right side 
of the heait may occui as a lesult of pulmonai}’’ aiteriolai scleiosis alone, 
and it coriesponds to what has been teimed piimaiy pulmonaiy vasculai 
scleiosis 

Alveolar S3stem Changes m the boii} thoiax, mechanical piessuie 
on the air passages gross destiuction of pails of the lungs and stiuc- 
tural changes in the bionchi, such as occui in chionic bronchitis, pi event 
a sufficient supply of an fiom leaching the alveolai system By far the 
most important cause of diminished gaseous exchange in the lungs, 
howerei, is emph3sema, uhich, m fact, is lrequentl3’' associated with the 
conditions that have just been mentioned The manner m which emph3’- 
sema breaks dovn pulmonai3 lesene is essentially by diminishing the 
ventilating sui face of the lungs 

It IS rathei uiiivei sall3’’ belie\ed that emph3sema mteifeies with the 
pulmonar3^ circulation, in the sense that it obstiucts the cuiient of blood 
in its course through the lungs, and that the hypeitiophy of the right 
lentricle associated with empltysema is evidence of this obstiuction 
That the velocity of the flow of blood through the lungs is not neces- 
saril3’- slowed in emphysema has defimtety been shown by Weiss and 
Blumgart ® In fact, they have stated reasons foi the belief that it might 
even be accelerated in some cases, which indicates that increased activity 
of the right ^entrlcle is a purposeful mechanism that will seive to main- 
tain a high minute a olume flow and thereby help to compensate for the 
insufficient ventilation This they suggested as an explanation foi the 
hypertrophy of the light ventricle that sometimes occui s in emph3^sema 
In this connection it is noteworth3^ that Alexander " obseived that hypei- 
trophy of the left A’-entiicle was an almost constant accompaniment of 
the Itypei trophy of the light ventricle that was associated with emph3- 
sema This phenomenon is difficult to explain on any other basis than 
that the left ventricle also is operating under strain We ventuie the 
suggestion that the cases of emphysema in ivhich congestive heart failure 

6 Weiss, Soma, and Blumgart, H L Studies on the Velocity of Blood 
Flow VIII The Velocity of Blood Flow and Its Relation to Other Aspects of 
the Circulation m Patients with Pulmonarj Emphysema, J Chn Investigation 
4 SS5-S74 (Oct ) 1927 

7 Alexander, H L Emphysema, Proc Staff Meet, Alavo Clin 10 377-384 
(June 12) 1935 
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has been repoited may not have been sufficiently studied to exclude 
arteriolar changes or that there may have been other factois aiding 
the mechanism which was crippling the cardiorespiratory reserve It 
is especially significant that in the group of cases of emphysema studied 
by Weiss and Blumgart there was no inciease in venous pressure except 
when the condition was complicated by independent heart disease Intei - 
preting their results conservatively, therefore, it seems that if increased 
resistance is ofitered to the lesser circulation by emphysema, it is seldom 
sufficient to cause embarrassment of the right side of the heart 

Efferent System The left side of the heart, or the efferent system, 
which distributes oxygenated blood throughout the entire greater circu- 
lation, IS frequently the seat of organic disease, such as disease of the 
mitral and aortic valves, coronary sclerosis and hypertension When 
its reserve is decreased so that it can no longer effectively propel the 
column of blood it receives from the pulmonary circuit the latter system 
becomes embarrassed, and its function is markedly altered 

We wish to point out that the pulmonary system can become adapted 
to increased work, but always at the expense of its reserve When 
factors are already present, such as ventilating difficulties, irrespective 
of the cause, and when vascular disease, such as arteriolar changes, is 
present, the point at which the reserve is exhausted is rapidly reached 
The complete breakdown of the two systems is compatible, at the most, 
with a limited existence and extreme discomfort 

CLINICOPATHOLOGIC CONCEPTION OF PULMONARY ARTERIOLAR 

SCLEROSIS 

We believe that one type of pulmonary arteriosclerosis is the counter- 
part of arteriolar sclerosis in the greater circulation and that no matter 
how it is produced it is associated with hypertension in the lesser cir- 
culation The degree of sclerosis and the degree of hypertrophy of the 
right ventricle correspond as closely as do sclerosis of the systemic 
arterioles and hypertrophy of the left ventricle In both instances one is 
dealing with systems endowed with considerable reserve, so that func- 
tional efficiency can be maintained for a long time in spite of extra 
strain 

This type of pulmonary arteriolar sclerosis is a diffuse process 
throughout the lungs, corresponding to diffuse sclerosis in the systemic 
circulation It interferes mechanically with the flow of blood through 
the pulmonary circuit unless the pressure behind it is enough to over- 
come this peripheral resistance This is only a compensatory mechanism 
and, like all compensatory mechanisms, will be adequate for a certain 
period — sometimes almost indefinitely Moreover, like other compensa- 
tory mechanisms, it curtails that quality of variability in function which 



KAUMP-DRY— PULMONARY ARTERIOLAR SCLEROSIS 17 


chaiacteiizes normally functioning organs, that is, it is working at full 
capacity at all times If the lessei circulation has only its own problems 
to contend with, it is remarkable how efficiently it can continue to func- 
tion The last straw fiom extraneous sources which will tip the scale 
against it need not be of appreciable dimensions These facts are amply 
exemplified by even this small group of cases 

SUMMARY 

The vascular diseases of the pulmonary aiteiial tiee have many 
featuies in common with those of the general circulation Some evidence 
of microscopic sclerosis is present in one or the other of the divisions 
of the pulmonary tiee m piactically all adults It inci eases with age 
and especially in conditions associated with increased pressure in the 
lesser circulation Atheioscleiosis of the pulmonary aitery and its laiger 
bi anches seldom iiitei f ei es appi eciably with the mechanics of the circu- 
lation except, pel haps, so fai as it occuis at the expense of the normal 
elasticity of the vessels Scleiosis which involves the small muscular 
arteries (or aiterioles) of the pulmonary circulation and its effects have 
not been sufficiently distinguished from similai changes in the larger 
blanches of the pulmonaiy aitery A ceitam degree of microscopic 
aiteriolar scleiosis must be legarded as a normal accompaniment of 
physiologic aging 

There is a sepaiate entity, however, in which diffuse scleiosis of 
vaiying degree occuis throughout the aiteriolai system of the entiie 
lessei circulation and is compaiable to a similai process in the systemic 
circulation In the pulmonar}' circulation, too, the question as to whethei 
these changes aie piimaiy or the lesult of othei states of abnoimal 
physiology is unsettled It is usually associated, at any late, with hypei- 
tiophy of the right ventricle The entire vascular system seems to be 
endowed with a considerable leserve, for this type of arteriolar scleiosis 
does not necessaily cause ciiculatoiy embai rassment When it does and 
when there is no apparent cause foi it, such as caidiac oi pulmonaiy 
disease, the term piimary pulmonary vascular sclerosis has usually been 
applied to it In our opinion this is meiely an extreme degree of arteiio- 
lai sclerosis, and the atherosclerotic changes in the pulmonary arteiy 
itself when present are probably secondaiy to the pulmonary hyperten- 
sion associated with the arteriolar scleiosis Similar changes in the 
pulmonary aiteiy and its mam subdivisions have been known for years 
to occur in cases in which pulmonary hypertension was attributable to 
other causes, for example, mitral stenosis We believe that it will clarify 
the problem considerably if the term pulmonary arteriolar sclerosis is 
substituted for the teim primary pulmonary vascular sclerosis 

In all except three of the sixteen cases in which only the pulmonary 
arteiy and its mam blanches showed athei osclerotic changes, hyper- 
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trophy of the right ventricle \\as absent, in two of these thiee cases theie 
was mitral stenosis, and in the third case theie was no adequate explana- 
tion for the hypertrophy of the right ventricle 

We studied thirteen cases in which theie weie varying degiees of 
diftuse pulmonaiy arteriolar sclerosis Hypeitioph}'’ of the right ven- 
tricle was present in eleven of these cases In twelve cases clinical details 
were available, and then study revealed that in foui cases (in three of 
which the sclerosis was marked) theie were no cardioiespiratory symp- 
toms, except as terminal phenomena The patients died of unrelated 
causes In one case theie was a huge substernal goiter, and death fol- 
lowed its surgical removal In this case there was no evidence of con- 
gestive heart failure In the remaining seven cases the clinical pictuie, 
which was strikingly unifoim in its evolution and final outcome, con- 
sisted essentially of dyspnea, which had been piesent for vai}ing 
periods, and ended m a dramatic type of extreme congestive heart failuie 
with cyanosis There was an entiie lack of response to tieatment In 
every instance an additional factor, either caidiac oi pulmonaiy, was 
present, but at the same time it was not sufficiently advanced to be a 
satisfactory explanation foi the presence of the extieme degiee of 
physiologic derangement 



SEVERE ANEMIA OF APLASTIC TYPE ASSOCIATED 
WITH SCLEROSIS OF THYROID GLAND 


R H JAFFE, MDt 

CHICAGO 

In a pievious publication H desciibed a sclerosing disease of the 
tlnnoid gland ^^hlch aftects eldeily women and is associated with marked 
h}^ochiomic oi h}pei chromic anemia Since the patients do not show 
signs of m}.xedema, the gi aAC distuibance of the tliyroid gland is likely 
to be ovei looked unless a basal metabolism test is made The lack of 
I espouse to Inei oi iron medication then leads to the conclusion that 
one is dealing with an obscuie piimaiy anemia which cannot be classi- 
fied Stud} of the stiuctuie of the blood cells and of the hemoglobin 
metabolism does not help much m gaming any definite information as 
to the nature of the anemia, and in the teimmal stage a blood picture 
may develop A^hlch is suggestive of aplastic anemia The recent obser- 
\ation of an additional case that falls into this group induces me again 
to emphasize the importance of endocime disturbances, particularly 
insufficiency of the thyioid gland, in the pathogenesis of obscure anemia 

REPORT or A CASE 

Hisloiy — At the age of 50 jears the patient, a married woman, attended an 
outpatient clinic because of obesit}' At that time she weighed 231J4 pounds 
(105 Kg), having gamed 35 pounds (16 Kg) in two years She complained 
also of occasional sharp headaches, nervousness, twitching of muscles, especially 
of the face, and slight loss of control of the urinary bladder The record referred 
to myxedema, with a question mark The blood pressure was 170 systolic and 
90 diastolic, and the basal metabolic rate was minus 32 8 per cent With thyroid 
medication and a proper diet the patient’s condition improved markedly, her 
weight dropped to 201 pounds (91 Kg ) within three months and the record 
stated that she looked like a different woman 2 Later she failed to Msit the clinic, 
and no further information could be obtained concerning her condition 

Three years later, at the age of 53, she entered the Cook County Hospital, 
stating that she had been in fair health until three months before entry, when 
she contracted the “flu ” She noticed general aching, fever and chills and had a 
slight nonproductive cough Three weeks prior to entry she had rather severe 
diarrhea, which lasted for three days She had been losing weight and experi- 
encing a slight burning sensation on urination She had also had several fainting 
spells She had passed through the menopause at the age of 50 and had three 
children, all living and well 

t Dr Jaffe died on Dec 17, 1937 

From the Department of Pathology of the Cook County Hospital 

1 Jaffe, R H Chronic Thyroiditis, JAMA 108 105 (Jan 9) 1937 

2 The foregoing data were supplied by the St Luke’s Hospital 
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Physical Evavnnation — Physical examination revealed an obese woman who 
appeared acutely ill The temperature was 103 2 F , the pulse rate 104, the 
respiratory rate 20 and the blood pressure 114 systolic and 68 diastolic The 
skin was pale but elastic and moist, and there was no anomaly of the hair growth 
The thyroid gland could not be palpated The peripheral lymph nodes were not 
enlarged Examination of the heart did not disclose any abnormal findings 
There was slightly impaired resonance over the base of the lower lobe of the left 
lung, with moist rales in this region On palpation there was slight tenderness 
in both lower quadrants of the abdomen The spleen and liver could not be felt 

Laboratory Findings — The urine contained much albumin and many pus cells 
and degenerated epithelial cells The urea nitrogen content of the blood was 16 8 
mg per hundred cubic centimeters, and the icterus index was 5 35 The Kahn 
test was negative Cultures of the blood remained sterile 

The hemoglobin content of the blood was 33 per cent (Sahli), and the erythro- 
cyte count was 1,440,000 The color index was 1 1 There were 700 white blood 
cells, of which 79 per cent were lymphocytes, 14 per cent monocytes and 7 per cent 
neutrophilic leukocytes Slight amsocytosis and poikilocytosis were noted, and 
2 normoblasts were found per hundred white blood cells The platelets were 
so small and scanty that they could not be counted 

Diagnosis — The differential diagnosis rested between aplastic anemia, aleukemic 
leukopenic leukemia and anemia due to thyroid deficiency The patient’s condition 
did not permit repeating the basal metabolism test 

Course — The patient recened many blood transfusions, a proprietary prepara- 
tion of fresh liver and a diet rich in liver After each transfusion she showed 
some improvement, with slight signs of regeneration of the blood The red cell 
count temporarily increased to 2,410,000 and the white cell count to 1,550 In 
the second week of her stay in the hospital aspiration of sternal bone marrow 
was made, and study showed a total cellulanty of about 105,000 nucleated cells 
per cubic millimeter The differential count showed myeloblasts, 0 4 per cent, 
neutrophilic myelocytes, 10 8 per cent, staff nucleated neutrophils, 2 4 per cent, 
mature neutrophils, 1 2 per cent , eosinophilic myelocytes, 0 4 per cent , erythro- 
gonia (proerythroblasts), 5 2 per cent, erythroblasts, 212 per cent, normoblasts, 
35 2 per cent , lymphocytes, 3 6 per cent , monocytes, 4 per cent , megakaryocytes, 
0 4 per cent, and large deeply basophilic cells, 152 per cent The deeply basophilic 
cells resembled erythrogonia The structure of the nucleus may be described as 
halfway between that of a hemocytoblast and that of an erythrogonium The 
cytoplasm of these cells as well as that of many other young cell forms revealed 
striking vacuolation (fig 1) The erythroblasts and normoblasts, however, were 
not affected by the vacuolation The neutrophilic leukocytes were small, with 
poorly defined granulation and abnormally lobulated nuclei The result of biopsy 
of the bone marrow may be summarized as showing diminished activity, with 
marked depression especially of granulopoiesis The erythropoiesis went back 
to very young forms, which revealed evidences of toxic alteration (vacuolation) 
The diagnosis still remained doubtful 

The patient received daily injections of liver extract, which did not seem to 
have much effect The temperature remained high and septic She became 
irrational and died tliree weeks after admission to the hospital 

Gross Neciopsy Observations —At the time of death the patient weighed 79 
Kg The body length was 175 cm There were no signs of myxedema Marked 
generalized anemia and focal bronchopneumonia were noted in the upper and lower 
lobes of the left lung In the region of the tngon of the urinarv bladder the 
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deepl} injected mucosa was covered by adheient granular membranes that were 
light graj ish browm The heart w'eighed 335 Gm , and the myocardium was pale 
and friable The w^eight of the spleen was 285 Gm , that of the liver, 1,910 Gm , 
and that of the kidneys, 345 Gm The pancreas weighed 85 Gm, the adrenal 
glands, 16 Gm and the brain, 1,160 Gm The hypophysis measured IS by 10 by 6 
mm The bone marrow' of the femur w'as soft and light purple-red 

Dissection of the soft parts of the neck revealed no definite thyroid gland 
In place of the gland there was a soft thin and flat plate which measured 4 mm in 
thickness, w eighcd 7 Gm and seemed to fuse w'lth the surrounding fat tissue 
^ha oscopic Obsovations — The plate which was present m place of the thyroid 
gland was composed of dense fibrillar connectne tissue which enclosed islands 



Fig 1 — Smear of aspirated sternal bone marrow stained according to the 
Wright method , X 1,200 Note the two very young erythropoietic cells and the 
monocyte with vacuolation of the cytoplasm A large, basophilic erythroblast 
and tw'o normoblasts are free from vacuoles 

of fat tissue This connective tissue passed without a definite border into the 
surrounding fat tissue Here and there a circumscribed accumulation of small 
lymphocytes with a few plasma cells was noted, arranged about small 
groups of cuboidal and polygonal cells with an ample, finely granular and pinkish 
stained cytoplasm and oval, deeply stained and relatively small nuclei which were 
often crenated (fig 2) With sudan III stain the cytoplasm of these cells became 
light brown An occasional group of cells enclosed a small drop of pale colloid 
Because of the extreme shrinking of the gland the arteries came to lie close 
together (fig 3) The walls of these arteiies were moderately thickened and 
often infiltiated by fine lipid granules 
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The bone marrow of the femur was 17 per cent cellular There were many 
extravasations of blood, and the red cells varied in size and staining qualities 
Some of them were rich in hemoglobin, others were brownish and gave a diffuse 
reaction to stain for iron The reticulum cells were swollen and often contained 
red blood cells and normoblasts The bone marrow cells formed small isolated 
and fairl}’^ compact islands of the following composition neutrophilic myelocytes, 
7 8 per cent , eosinophilic m 3 '^elocytes, 0 8 per cent , erythrogonia, 1 8 per cent , 



Fig 2 — Section of the thyroid gland, showing accumulation of lymphocytes 
about a distintegrating follicle, X ISO 


erythroblasts, 12 6 per cent , normoblasts, 72 8 per cent , plasma cells, 3 8 per cent, 
and megakaryocytes, 0 6 per cent 

Of the other microscopic obser\ ations, mention should be made of the marked 
fatty infiltration and moderate hemosiderosis of the hepatic cells, the slight fatty 
degeneration of the myocardium and of the renal epithelium, the marked con- 
gestion and hemosiderosis and slight m 3 eloid metaplasia of the spleen, the atrophy 
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COMMENT 

The question of anemia in myxedema has lecently been well dis- 
cussed by Holbjzlll,® who stated that only in a few of the recent articles 
on myxedema has the condition of the blood been considered in detail 
(see also the article by HatlehoH) He described the hematologic find- 
ings for twenty-eight patients with myxedema, all of whom were women 
from 35 to 64 years of age In the majority of cases the basal metabolic 
rate was below minus 70 per cent The anemia was of either hypei- 
chromic or hypochromic type, with color indexes between 0 8 and 1 31, 
hemoglobin readings between 50 and 90 per cent and erythiocyte counts 
between 2,500,000 and 4,500,000 In one case myxedema was combined 
with true pernicious anemia Holb^ll emphasized that the anemia of 
myxedema does not respond well to any form of antianemic treatment 
save thyroid medication, and he said he consideied this specific response 
as indicating that the anemia is due to thyroid deficiency 

The publications of Holbplll and of other investigators have shown 
that the anemia in myxedema is usually slight or of moderate degree, 
and it appears therefore that it is especially in the cases of thyroid 
deficiency without the signs of myxedema that the severe forms of 
anemia are encountered Recently examination in vivo of the sternal 
bone marrow has been widely used, the mam value of this method lying 
in the differentiation of true aplasia of the bone marrow from pseudo- 
aplasia (disturbance of maturation) and in the lecognition of atypical 
leukemias 

When I received the specimen of bone mairow from the patient 
with thyroid sclerosis, a week and a half prior to her death, she was in 
a septic state Judging from the cell content of the aspirated bone 
marrow, the functional activity of the marrow was depressed, and this 
depression was evident also from the postmortem examination of the 
femoral bone marrow There were no signs of so-called matuiation 
arrest, a term which I feel is often misused in modern hematologic 
literature All stages of maturation and differentiation were found side 
by side, and the erythropoiesis showed very immature forms, which may 
be designated as intermediary between the hemocytoblast and the eryth- 
rogonium stage These young cells showed signs of toxic alteiation, 
in the form of vacuolation of the cytoplasm, and at the time of death 
had disappeared from the marrow The condition of the bone marrow 
theiefore can be described as of diminished activity 

The question may be raised whether the terminal septic condition, 
which could be traced to necrotizing cystitis, could account for the blood 
picture of aplastic anemia One of my patients with sclerosis of the 

3 HoIb^II, S A Acta med Scandinav 89 526, 1936 

4 Hatlehol, R Norsk mag f Isegevidensk 92 453, 1931 
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thyroid gland and with a similar blood pictnie, previously repoited on, 
died of lobar pneumonia Howevei, the changes in the urinary bladder 
were too insignificant to account for the severe alteration of the blood 
picture, and I believe that the depression of the blood formation pre- 
disposed to and preceded the cystitis, as necrotizing inflammation of the 
mucous membranes is likely to develop in aleukocytic conditions 

In this case, as in my previous cases of sclerosis of the thyroid 
gland, the other endocrine glands did not reveal any significant changes 
The hypophysis was slightly enlarged, and the basophilic cells predomi- 
nated in the anterioi lobe and showed increased vacuolation The reports 
in the literature on the behavior of the hypophysis m acquired thyroid 
deficiency in men h'ave varied Some authors have referred to marked 
enlargement of the anterior lobe, while otheis have not recorded any 
abnormality. 

The microscopic observations permit the conclusion that the sclerosis 
of the thyroid gland developed from a diffuse lymphocytic infiltration 
of the gland, residues of which were still present in the form of lympho- 
cytic aggregations about degenerating follicles There were no indica- 
tions of an infective nature of the process, and I am of the opinion that 
the condition was due to the excessive involution of the thyroid gland 
that takes place with advancing age, particularly in women 

SUMMARY 

A case of seveie anemia of aplastic type in an elderly obese woman 
is described which offered gieat diagnostic difficulties At autopsy the 
thyroid gland was observed to have been completely replaced by dense 
scar tissue, and there were signs of depressed activity of the bone mar- 
row The patient did not show symptoms of myxedema Three years 
prior to death the patient’s basal metabolic rate was minus 32 per cent 



GONOCOCCIC ENDOCARDITIS 


A STUDY OF TWELVE CASES, WITH TEN POSTMORTEM EXAMINATIONS 

ROBERT H WILLIAMS, MD 

NASHVILLE, TENN 

According to the historical review by Newman,’- the fiist lepoit of 
gonococcic infection involving the heait was published by Ricord, in 
1838, and the first investigatoi to recover gonococci from the blood 
stream was Rothmund, m 1889 Hewes,- in 1894, cultuied gonococci 
from the blood of 2 patients with gonococcic aithritis Thayer and 
Blumer,® in 1895, recoieied the organism from the blood of a patient 
with endocarditis 

Since the establishment of endocaiditis as a definite complication of 
gonorrhea, over a hundred papers have appeared on this subject Most 
of these have been leports of individual cases Thayei,'* in 1922, 
reported 20 cases in which neciopsy was perfoimed at the Johns Hop- 
kins Hospital and reviewed the lepoits of 60 cases pieviously described 
More recently reviews have been published by Stone,® Newman’- 
McCants,® Kirkland,^ Hoffman and Taggart® and Solomon and his 
associates® Estimates of the numbei of acceptable leports of cases 
have varied a gieat deal wath difterent authois, depending on the ciiteiia 
used in the diagnosis Karsnei stated, and Hoffman and Taggait 

From the Department of Medicine, Vanderbilt Unnersitj Medical School 

1 Newman, Albert B The Prognosis m Gonococcal Endocarditis, Am Heart 
J 8 821 (Aug) 1933 

2 Hewes, H F Two Cases of Gonorrheal Rheumatism with Specific Bac- 
terial Organisms m the Blood, Boston M & S J 131 SIS (Nov ) 1894 

3 Thayer, W S , and Blumer, G Ulcerative Endocarditis Due to the 
Gonococcus Gonorrheal Septicemia, Bull Johns Hopkins Hosp 7 S7 (April) 
1896 

4 Thayer, W S Cardiac Complications of Gonorrhea, Bull Johns Hopkins 
Hosp 33 361 (Oct ) 1922 

5 Stone, Eric Gonorrheal Endocarditis, J Urol 31 869 (June) 1934 

6 McCants, J M Gonococcus Infection of the Heart, U S Nav M Bull 
28 603 (July) 1930 

7 Kirkland, H B Gonococcus Endocarditis Report of a Case, Am Heart 
J 7 360 (Feb ) 1932 

8 Hoffman, A M , and Taggart, F C Gonococcic Endocarditis, Ann Int 
Med 5 397 (May) 1932 

9 Solomon, P , Hurwitz, D , Woodall, M , and Lamb, M Diagnosis of 
Gonococcus Endocarditis, Arch Int Med 52 1 (July) 1933 

10 Karsner, Howard T The Pathology of Endocarditis Summary Review, 
J A M A 96 411 (Feb 7) 1931 
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said the} agreed, that “a case of gonococcal endocarditis must show the 
presence of gonococci in the blood oi lesion to be accepted as such ” 
Othei authors have observed less rigid diagnostic criteria Almost all 
ha\e agreed, liowevei, that less than ISO authenticated cases have been 
leported The puipose of this communication is to record an analysis 
of and comments on 12 additional cases of gonococcic endocarditis, m 
10 of which a postmoi tern study w as made by my colleagues and myself 

CLINICAL FINDINGS 

Incidence — During the last twelve years theie were admitted to the 
waids of the Vanderbilt University Hospital 12 patients (table 1) with 
gonococcic endocarditis. 10 of wdiom w^eie examined post mortem 
During this period 1,719 autopsies \veie performed In 38 instances 
either acute or subacute endocaiditis was piesent, the gonococcus being 
responsible m 10 cases. Streptococcus haemolyticus m 8, Streptococcus 
\ indans m 7 a staph} lococcus m 4, a pneumococcus m 2, the influenza 
bacillus m 2, unidentified organisms in 2, a diphtheria bacillus m 1, a 
parat}phoid bacillus in 1 and an unidentified sti eptococcus in 1 Thus 
It IS seen that the gonococcus was the etiologic agent in 26 per cent of 
the cases and occurred about once in every 200 autopsies made as a 
routine Thayer has stated the opinion that gonococcic endocarditis is 
not rare, since in 11 pei cent of 176 instances of bacterial endocarditis 
(acute and subacute) he found the gonococcus A streptococcus was 
present in 57 per cent of the remainder, a pneumococcus m 14 pei cent. 
Staphylococcus aureus m 13 per cent, the influenza bacillus in 4 per 
cent and Staphylococcus albus m 1 per cent In about 4 per cent of a 
series of patients with acute bacterial endocarditis studied m Boston 
gonococci w’-ere found Cabot,’^- m an earlier study, said that he had 
failed to find an instance of gonococcic endocarditis m 1,906 necropsies 
on patients with heart disease, although 180 had some form of endo- 
carditis 

Age — The ages of our patients ranged from 19 to 69 yeais It is 
of interest to note that 4 patients were over 50 years old The average 
age was 36 years Fifty-three of the 85 patients ■with “proved” gonor- 
rheal endocarditis whose cases were reviewed by Stone were between 
the ages of 15 and 35 years, although the extremes Avere 2 and 51 years 

Sex — There Avere 7 Avomen and 5 men m our group In Thayer’s 
group 72 per cent AA^ere males, and m Stone’s group 62 per cent 
(“proved” group) Avere males 

11 White, P D Heart Disease, ed 2, New York, The Macmillan Company, 
1937, p 254 

12 Cabot, Richard C Facts on the Heart, Philadelphia, W B Saunders Com- 
pany, 1926, p 570 



T'vble 1 — Swnmaty of Cltmcal ana Pathologic Data ' 





Interval 

Since 

Primary 

Duration 

of 



Embolic 

Phenomena 

Average 

Daily 

Maxi 

mum 

Temper 

ature, 

F 

Highest 

White 

Cell 

Count 

LoTO't 

Hemo 

globm 

Value, 

Gn 

Case 

Age, 

&e\ 

Race 

Infec 

tion 

Endo 

caiditis 

Chills 

Cardiac Signs 

Petechiae 

Others 

1 

69 

M 

W 

14 yr 
plus 

7 tvh 

Few 

Moderate enlargement, coarse sys 
tolie apical murmur widely trans 
mitted, systolic thrill over apex 

Many 
(some with 
central 
necrosis) 

+ 

102 5 

10,500 

90 

2 

22 

r 

W 

3 wl,. 

2 wt 

Many 

Moderate enlargement, with das 

SIC signs of aortic insufficiency 

Many 

0 

104 0 

13,300 

102 

3 

19 

M 

W 

? 

3 wk 

Many 

Loud, coarse sjstohc apical mur 
mur, with short presjstolic rumble, 
accentuated P; wave 

Few 

0 

103 0 

29,100 

70 

4 

S3 

F 

W 

? 

13 wk 

Many 

Long, loud, rough systolic apical 
murmur and short presystohc 
rumble 

Few In femoral 105 0 
artery 

20,000 

48 

5 

C9 

F 

W 

? 

5 wk 

Many 

Typical signs of aortic insuffi- 
ciency 

0 

Ceie 
bral ? 

103 5 

14,200 

140 

6 

18 

F 

w 

2 mo 

10 days 

Many 

Typical signs of aortic insuffi 
ciency 

0 

0 

104 2 

13,400 

110 

7 

54 

M 

w 

1 mo 

otvk 

Many 

Dull systolic apical murmur 

0 

+ 

? 

53,700 

40 

8 

SO 

r 

w 

7 mo 

2 wk 

Many 

Typical signs of aortic insuffi 
ciency 

0 

0 

104 4 

23,000 

70 


9 

57 


? 

8 wk 

Many 

Long, loud, rough systolic apical 

0 

In femoral 

1030 

26,800 

120 


M 





murmur, accentuated Ps wave, 
slight cardiac enlargement 


artery 




10 

24 

N 

9 

5 Wk 

Many 

Long, loud, harsh systolic murmur 

Few 

+ 

105 3 

19,100 

8 0 


M 





over apex, transmitted to left 












axilla and over entire precordium. 

Pa wave accentuated 






11 

45 

W 

3rrX ? 

12 days 

Many 

Wavy impulse over precordium. 

Few 

0 

105 0 

15,800 

103 


F 





slight presystohc apical thrill, mod 
erate enlargement of left side, mod 
erately loud diastolic rumble oyer 
apex, loud blowing apical systolic 
murmur, well transmitted, classic 
signs of aortic insufficiency 






12 

22 

W 

9 

14 wk 

Many 

Wavy impulse over precordium. 

Few 

+ 

103 5 

17,350 

58 


F slight cardiac enlargement, blowing 

systolic apical murmur transmitted 
over precordium and to left axilla 


* Due to gonococci 
t Jlain cause of death 




jo-i Tzvclve Paitenis zvith Gonococac Endocaiditis 


Clinical Impression 

Malignant endocarditis (mitral),* acute 
cardiac failure, t urethritis,* embolic glo 
t^merular nephritis, nrthntis,* uremia 

Malignant endocarditis (aortic),* acute 
cardiac failure,! cndocervicitis,* multiple 
arthritis* 


Malignant endocarditis (mitral),* multiple 
arthritis,* subsiding 6 n-k preceding death, 
acute glomerulonephritis, uremia t 


Malignant endocarditis (mitral),* endo- 
ecmcitis,* embolic glomerular nephritis, 
femoral embohsm, uremia,! jaundice 

Malignant endocarditis (aortic),* chronic 
pelvic inflammatory disease,* embolic glo 
merular nephritis, uremia, pneumonia, 
cerebral embolism ! 

Malignant endocarditis (aortic),* acute 
cardiac failure,! endocemcitis,* teno- 
synovitis,* multiple arthritis,* subsiding 
3 wk before death 

r 

Malignant endocarditis (mitral),* ure 
thntis,* acute nephritis, uremia ! 


Malignant endocarditis (aortic),* acute 
cardiac failure,! chronic endocervicitis ,* 
multiple arthritis,* tenosynovitis* 


Malignant endocarditis (mitral),* acute 
cardiac failure,! femoral embolism, chronic 
urethritis,* multiple arthritis,* subsiding 
5 wk before death, jaundice 

Malignant endocarditis (mitral ? or tricus 
pid),* syphihtic cirrhosis of livei (7), 
embolic glomerular nephritis, uremia,! 
jaundice, ascites, multiple arthritis,* 
subsiding 9 wk before death 

Malignant endocarditis (mitral and aortic),* 
rheumatic heart disease, with mitral steno 
SIS and insufilciency, acute cardiac dilata 
tion,t multiple arthntis, subsiding,* endo 
cervicitis,* early latent syphilis, arsphen 
amine hepatitis, subsiding, jaundice, 
subsiding 

Malignant endocarditis (mitral),* embolic 
glomerular nephritis, uremia,! salpin 
gitis,* hepatitis with jaundice, subsiding, 
latent syphilis (seronegative) 


Chief Anatomic Diagnoses 
Autopsy not permitted 


Acute endocarditis (aortic), with rupture 
of cusps, abscess of wall of left ventricle 
and acute focal myocardial necrosis,* 
infarcts of spleen, acute endometritis, 
acute focal interstitial pancreatitis 

Acute endocarditis (mitral),* acute myo 
carditis,* acute glomerular nephritis, acute 
splenitis, bilateral pleurltis with effusion, 
abdominal ascites 

Same as clinical impression, plus acute 
splenitis and infarction of spleen 

Acute endocarditis (aortic),* chrome ure 
thritis,* intracapillary glomerular nephritis 


Acute endocarditis (aortic and mitral),* 
acute focal myocarditis,* septic infarcts 
of spleen and kidneys, embolic glomerular 
nephritis, embolic pneumonia, acute 
splenic tumor 

Acute endocarditis (mitral),* septic 
infarcts of myocardium, spleen, kidneys, 
acute intracapillary glomerular nephritis, 
acute urethritis, acute focal pancreatitis, 
acute splenitis 

Acute endocarditis (aortic),* acute focal 
myocarditis, acute pelvic peritonitis, 
chronic endocervicitis,* subacute intra- 
capillary glomerular nephntis, acute sal- 
pingitis, infarcts of spleen, acute splenitis, 
acute embolic pneumonia 

Acute endocarditis (mitral),* femoral 
thrombosis, acute focal glomerular ne- 
phritis, acute and chronic prostatitis, 
central necrosis of liver 

Acute endocarditis (mitral),* cirrhosis of 
liver, syphihtic infarcts in spleen, jaun 
dice, ascites, embolic glomerular nephritis 


Endocarditis (aortic), with rupture of 
cusps, abscess of interventricular wall and 
acuta focal myocardi'al necrosis,* healed 
rheumatic endocarditis of mitral and 
aortic valves, with insuffleiencj , acute 
splenitis, chronic interstitial hepatitis, 
early portal cirrhosis, recent necroses in 
liver (arsphenamine 7) , chronic endocervicitis 

Autopsy not permitted 


Bacteriologic Bindings 

Gonococci obtained from urethra 
and knee, 3 sterile blood cultures 


Gonococci obtained from cerviv, 
endometrium, 2 blood cultures 
(ante mortem) and aortic valve 


Gonococci obtained from blood cul- 
ture (ante mortem) and vegetation 
on cardiac valve (smear) 

Gonococci obtained from cerviv and 
4 blood cultures (ante mortem) 


Gonococci obtained from cerviv and 
by smear and culture of vegetation 
on cardiac valve, 4 sterile antemor- 
tem blood cultures 

Gonococci obtained from cerviv and 
blood culture (ante mortem) 


Gonococci obtained from blood cul- 
ture (ante mortem) and from vege- 
tation on cardiac valve (smear) 


Gonococci obtained from cerviv and. 
vegetation on cardiac valve 
(smear), 7 sterile blood cultures 


Gonococci obtained from 2 blood 
cultures (ante mortem) and vege- 
tation on cardiac valve (smear) 


Gonococci obtained from 3 blood 
cultures (ante mortem) 


Gonococci obtained from cerviv, 3 
blood cultures (2 ante mortem and 
1 post mortem) and smear of vege 
tation, positive complement fiva- 
tion of serum for gonococci 


Gonococci obtained from blood cul- 
ture (ante mortem), positive com- 
plement fixation of serum for 
gonococci 
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Race — Two of om 12 patients were Negroes Thayei found the 
white and the Negro lace equally represented in his senes 

Onset of Endocaidihs in Relation to Rummy Infection — The lela- 
tion of the onset of endocarditis to the piiniary infection was not known 
in 7 instances, but in 5 the interval could be ascertained and was found 
to vary from three weeks to fourteen years There was uncertainty 
as to the relation in 15 of Thayer’s 22 patients Some patients were 
not aware of ever having had genito-uiinary infection In others the 
symptoms of the initial infection had subsided many yeais pieviously 

Coexisting Aithntis — Nine of our patients with gonococcic endo- 
carditis had coexisting gonococcic arthritis In 6 the arthritis lasted 
only a few days Arthritis occurred in 31 per cent of Thayer’s patients, 
wheieas this condition was present m 68 5 pei cent of the 54 patients 
whose cases he leviewed Thayei ’s studies and om experience indicate 
that the clinical manifestations of arthritis usually precede those of 
endocarditis, but at times they may develop concomitantly Sometimes 
the arthritis is migratoiy and subsides without appaient sequelae At 
times only one joint may be involved, but moie commonly in oui experi- 
ence multiple arthralgia occuis, followed by localization in one or two 
joints When the lattei develops, the affected joints show exquisite 
tenderness, erythema, swelling and the othei chaiacteristics of acute 
suppurative arthritis Tenosynovitis is frequently associated with the 
arthritis Indeed, the inflammatory reaction often is piedominantly peri- 
articulai The joints most commonly affected in our patients were the 
knees, ankles and wrists 

Petechiae — Seven of our 12 patients exhibited petechiae dm mg the 
course of the illness The lesions varied m size fiom minute spots to 
areas 1 cm in diameter The latter occasionally exhibited central areas 
of necrosis The petechiae sometimes occurred m repeated crops, but 
in seveial instances they appeared early in the course of the disease and 
did not reappear Thayer observed petechiae in 7 of his 22 patients , 
and Stone, in 21 of his group of 77 

Other Embolic Phenomena — ^Evidence of aiterial embolism was 
observed frequently at necropsy but less often clinically In our series, 
2 patients had embolism of the femoral aitery, and 1 probably had 
cerebral embolism There were 7 instances of acute nephritis which 
was regarded as being of embolic origin Thayer observed embolic 
phenomena in two thirds of his patients Stone reported embolic hemi- 
plegia in 8 of 77 patients and other embolic manifestations in 20 It 
should be emphasized that embolic phenomena are extremely important 
when It IS being ascertained whether in a given case gonococcemia is 
associated with endocarditis, and they are also of aid in the determina- 
tion of which valves are involved The commonest sites of lodgment 
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aie the skin, conjunctivae, kidneys, spleen, lungs, brain and caidiac 
muscle 

Chills — Chills occuried in all oui patients In 11 they weie fre- 
quent Chills occurred duiing the course of the disease m 63 per cent 
of Thayei’s patients Both gonococcemia without endocarditis and 
gonococcic endocaiditis puisue a "septic couise,” characterized by chills, 
sweats, remittent or mteimittent fevei and othei symptoms of sepsis, 
but when endocaiditis is present the tempeiature rises highei, and the 
chills aie more fiequent and last longer In our patients fluctuations in 
tempeiatuie of as much as from 8 to 10 degrees F commonly occurred, 
and 111 6 instances "double peaks” were piesent almost daily Hordei 
and Gow^“ said they regarded the daily occuiience of a tempeiature 
cuive iMtli “double peaks” as suggestive of gonococcic septicemia 

Signs oj Caidiac Involvement — ^The pulse late was usually rapid 
The volume, of course, depended on which valve was involved Three 
patients had moderate enlargement of the heart, 2 had slight enlaigement 
and 7 had no enlargement Most of the patients with initial involve- 
ment exhibited long, loud, haisli systolic muimuis, transmitted over a 
wide area Three of these also had faint presystohc lumbles The 
patients v ith involvement of the aortic valve exhibited the classic cardiac 
and peripheral signs of aoitic insufficiency The signs of progressive 
valvular destruction weie detectable in some of our patients, and m 2 
instances a diagnosis of rupture of aortic cusps was coriectly made 
ante mortem 

Changes in the quality, intensity and tiansmission of the inurmuis 
aie most important in the decision as to whethei a given murmui is 
functional, due to an old valvulai lesion or due to acute endocarditis 
The appearance of a diastolic murinui oi an unmistakable change in 
quality and timing of systolic muimuis during observation of the 
patient is strongly suggestive of acute endocarditis 

Signs of cardiac failure when present in any of the patients in oui 
senes did not appear until the last houis oi days of life, m seveial 
instances theie weie none 

Blech ocaidiogiams — Electiocardiogiams weie made foi 10 of the 
patients In 2 theie weie no abnormalities In 1 there was evidence 
of bundle bianch and aiborization block and extensive myocardial 
damage In 6 patients low voltage of the QRS complex and a depressed 
T wave were noted, and in 4 of these patients slurring and notching 
of the QRS complex were exhibited In 1 case depression of the T 
wave 111 lead I and inversion in leads II and III were noted 

13 Horder, Thomas, and Gow, A E Essentials of Medical Diagnosis, Balti- 
more, William Wood & Company, 1930, p 624 
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Dxiiatwn of Endocarditis — The duration of endocarditis in our 
patients is estimated as varying from ten days to fouiteen weeks, with 
an average of five and one-half weeks It was three weeks or less in 

5 instances Peteis and Horn^"^ reported an instance m which death 
occurred five days after the clinical appeal ance of caidiac involvement 
Thayer found that the chronicity of bacterial endocarditis could be 
related to the etiologic agent involved, the gonococcic foim occupying 
a midposition between the acute fulminant endocarditis associated with 
the hemolytic sti eptococcus, pneumococcus and staphylococcus and the 
subacute process which is usually associated with Sti vnidans and the 
influenza bacillus 

Blood — Theie was usually outspoken leukocytosis, which at times 
was marked The highest leukocyte counts for our senes varied fiom 
10,500 to 53,700, with an average of 21,120 Thayer found the leuko- 
cyte count to be above 20,000 for 14 of his 22 patients, and Stone found 
the highest count to be above 26,000 for 18 of 37 patients 

With the progression of the disease the values for hemoglobin under- 
went steady and sometimes marked decline The lowest individual 
estimations of the hemoglobin value for our group varied from 4 to 14 
Gm per hundred cubic centimeters of blood, with an average of 8 6 Gpi 
Stone found the hemoglobin value to be below “50 per cent” for 13 of 19 
patients studied by him 

Renal Cornphcatwns — Acute nephritis is one of the commonest com- 
plications of gonococcic endocarditis Its development is indicated b}'^ 
the presence m the urine of a moderate amount of albumin, together 
with red blood cells, white blood cells and casts The renal changes 
usually do not occur until toward the last days or weeks of the disease, 
but not infrequently they progress rapidly Seven of our 12 patients 
were regarded clinically as having complicating acute nephiitis For 

6 of these the nonpiotem nitrogen content of the blood was over 80 
irrg per hundred cubic centimeters Uremia was the mam cause of 
death in 5 instances Thayer encountered nephritis in most of his 
patients, and it was present m 37 of the 85 (“proved”) instances of 
gonococcic endocarditis reviewed by Stone It is usually of an embolic 
glomerular or intracapillaiy type At times the occurrence of lenal 
infarcts, with resulting hematuria and albuminuria, ma)'- lead to 
confusion 

ANATOMIC OBSERVATIONS 

Pericarditis was not observed in any of the patients of our series 
Thayer encountered this condition post mortem in 4 and Stone in 13 
instances It was usually of a puiulent type 

14 Peters, H L , and Horn, B Malignant Ulcerative Gonococcic Endocar- 
ditis, JAMA 102 1924 (June 9) 1934 
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Areas of focal necrosis in the myocardium, sometimes amounting to 
true miliary abscess formation, were present m 6 of our patients 
Extravasation of blood into the myocardium was seen in 1 case 

The relation of these observations to the electrocaidiogiaphic 
studies IS Intel esting For 3 of the 6 subjects exhibiting myocardial 
lesions at autopsy the electi ocardiogram was abnormal, for 1 it was 
normal and for 2 none was made Thiee patients with an abnormal 
electrocardiogram exhibited no evidence of structural change in the myo- 
cardium at postmortem examination There was slight dilatation of the 
cardiac chambers in a few instances, but there was little if any cardiac 
hypertrophy These obseivations are in accord with those of Thayer 
The valvular involvement consisted of varying degrees of eiosion 
and ulceration of the leaflets, causing rupture of cusps in 2 instances 
The vegetations were large, friable and grayish yellow and weie com- 
posed of fibrin, leukocytes and gonococci The lesions weie confined 
to the valves on the left side of the heart m our 10 subjects Five had 
mitral lesions, 4 had aortic lesions and 1 showed both aoitic and mitral 
involvement In the combined material of Kiikland and Thayer, based 
on 93 repoits of cases, including neciopsy observations, 41 of the 
patients exhibited aoi tic lesions , 20, mitral lesions , 7 , pulmonic lesions , 
1, tricuspid lesions, and 24, involvement of more than one valve Twelve 
of the last-mentioned gioup had mitral and aortic endocarditis 
Although Thayer encounteied evidence of a pieexistmg chronic valvular 
lesion in 20 per cent of his patients, it was present in only 1 of our 
patients 

In 2 subjects embolic pneumonia was present and in 2 inteistitial 
pancreatitis 

The spleen \\as usually large, as a result of acute splenitis, and m 6 
instances there were infarcts In 7 the spleen weighed over 290 Gm , 
and in 1, 940 Gm The average weight was 379 Gm 

The liver in 7 instances weighed over 1,700 Gm , the average weight 
was 1,842 Gm All the patients showed hepatic congestion, 3, central 
necrosis, and 1, marked cirrhosis (syphilitic), with small areas of infarc- 
tion One patient exhibited recent areas of necrosis (aisphenamine^), 
chronic interstitial hepatitis and early portal cinhosis Two patients had 
ascites Blumer and Nesbit have recently reported on a patient with 
gonococcic endocarditis in whom acute hepatitis and portal cinhosis 
with jaundice occurred Jaundice was present in 5 of our patients 
(including the twelfth, who was not examined post mortem) The 
jaundice was believed to be due to syphilitic cirrhosis in 1 instance and 
to arsphenamine hepatitis in anothei In the remainder it was attributed 

IS Blumer, George, and Nesbit, Robert R A Case of Gonococcal Septicaemia 
with Endocarditis and Hepatitis, Internat Clin 4 44 (Dec ) 1936 
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to congestion and neciosis The changes in the h'ver which are asso- 
ciated with gonococcic endocarditis are impressive clinically and at 
necropsy and are worthy of further investigation 

Glomerular nephritis was present in 8 patients, and renal infarcts 
were present m 2 Three patients had intracapillary glomerular 
nephritis, 3 had embolic glomerular nephritis, 1 had acute glomerular 
nephritis and 1 had acute focal glomeiulai nephritis 

Causes of Death — Although it is difficult to decide in each instance 
which of the seveial possible factors was responsible, the probable causes 
of death in our patients are listed as follows acute heart failure in 6 
instances, uremia in 5 and cerebral embolism m 1 The patients with 
cardiac failure usually died a few hours after the development of the 
first distinct manifestations of this condition The uremia oidinarily 
progressed rapidly 

DIAGNOSIS 

The difficulty m recovering the gonococcus by blood cnltuie has 
constituted the chief obstacle to the clinical recognition of gonococcic 
endocarditis The bactenologic diagnostic criteria have been summa- 
rized by Solomon and his associates Various mediums and technics 
have been recommended We employed for blood cultuie dextrose agai 
and yeast bioth to which ascitic fluid had been added, and the cultures 
were incubated under increased carbon dioxide tension The oiganisms 
were differentiated by fermentative and agglutinative leactions Gono- 
coccus complement fixation tests weie perfoimed with the serum of 2 
patients The reactions were positive 

The data which established the diagnosis of gonococcic endocaiditis 
m our patients may be seen in table 1 Blood cultuies were made ante 
mortem in all instances, and in cases 2, to 4, 6, 7 and 9 to 12 gonococci 
were found In cases 2, 3, 7, 9 and 11 gonococci were also found in 
the smears made from the vegetations at neciopsy In case 5 gonococci 
were not lecoveied by ante moitem blood culture but weie found by 
studies of smears and cultures of the vegetation on the aoitic valve 
In case 8 seven blood cultures remained sterile, but gonococci wei e found 
post mortem in smears of material from the aoitic valve and fiom the 
cervix In case 1 gonococci were obtained from the uiethra and the 
knee In this instance three blood cultures remained steiile, and a post- 
mortem examination was not made However, when the entire clinical 
picture and the course are considered, there is no doubt that the patient 
had gonococcic endocarditis 

PROGNOSIS 

Practically all the authenticated cases of gonococcic endocaiditis 
which have been reported have terminated fatally Howevei, Thayer,^ 
who said he regarded lecovery as rare mentioned reports of recoveiy 
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published by Silvestimi, Withington, Dieulafoy, Mai fan and Debre 
Peiry and Newman ^ have also reported instances of recovery 
Periy’s patient was a young man m whom urethritis developed three 
months pieceding his mam illness, which lan a septic couise While 
he was undei observation a distinct diastolic muimur developed ovei 
the pulmonic aiea, and there was cleaicut evidence of fiequent pul- 
monaiy embolism Gonococci iveie cultuied fiom the blood The 
patient was tieated wuth repeated small blood tiansfusions and geneial 
suppoitne measuies He recoveied aftei a two month illness A 
leport made thiee }eais latei related that the patient had led a noimal 
life and had indulged in vigorous physical activities wuthout apparent 
difficult} Examination of the heait levealed nothing of note except a 
diastolic miirmui well localized in the pulmonic aiea It seems that 
this case constitutes an example of healed gonococcic endocaiditis Most 
of the othei lepoits of lecoveiies have been questioned Jagic and 
Schiftner^® expressed the opinion that patients with mild involvement 
not infrequently lecovei These opinions can be defended only as 
opinions 

DIFFERENTIAL DIAGNOSIS 

Mail} conditions may be confused wuth gonococcic endocarditis, chief 
of which aie gonococcemia wuthout endocaiditis, nongonococcic bacteiial 
endocarditis, acute iheumatic fevei, meningococcemia, miliaiy tubeicu- 
losis, typhoid, malaria and pyelophlebitis Of these, gonococcemia and 
nongonococcic acute endocaiditis cause the most confusion Some of 
the points in the differential diagnosis will be considered presently It 
should be emphasized, however, that the significant findings which 
indicate the piesence of gonococcic endocarditis aie the signs of pro- 
giessive involvement of the cardiac valves in a patient with gonococcemia 

Gonococcemia Without Endocaiditis — One frequently has difficulty 
111 determining whether a patient wuth severe focal gonococcic infection 
and gonococcemia has endocarditis, as the clinical pictuies may be 
similai 

I have leiiew^ed the hospital lecoids of 5 patients with gonococcic 
infection and gonococcemia in whom no involvement of the cardiac valves 
was present, and the important data are summarized in table 2 Bi lefly , 
It may be said that the clinical picture of gonococcemia without endo- 
carditis diffeis from that of gonococcic endocarditis in the following 
respects In gonococcemia wuthout endocarditis the chills are few^ei 

16 Perry, M W Gonorrheal Endocarditis with Reco^erv A Case Report, 
Am J M Sc 179 -599 (May) 1930 

17 Perry, M W Further Note on a Case of Gonorrheal Endocarditis wuth 
Recovery, Am J M Sc 185 394 (March) 1933 

18 Jagic, N , and Schiffner, 0 Ueber gonorrhoische Herzerkranhungen, Med 
IClm 16 976 (Sept ) 1920 
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and occur at longer inteivals, the fluctuations in tempeiatuie are not 
so great and usually do not occur on consecutive days, petechiae are 
fewei and do not appeal m repeated crops, cardiac murmurs aie systolic 
rather than diastolic, are not intense or harsh and do not show signifi- 
cant alterations, and embolic phenomena are absent All our patients 
recoveied Hon ever, it should be emphasized that these differences 
usually are impressive only after prolonged and close observations and 
that the decision as to whethei or not endocarditis is piesent in a patient 
with gonococcemia is usually difficult 

In 1934 Friedberg reviewed M instances of gonococcemia without 
apparent endocarditis and found that 6 of the patients were described 
as appearing acutely ill, 9 had chills, 8 had arthritis, 9 had systolic 
murmurs and 8 had maculopapular eruptions The temperature reached 
103 F or above in all instances No embolic phenomena were observed 


Table 2 — Summaiy of Clinical Data foi Five Patients With Gonococcemia 

Without Endocai ditis 


Case 

Appearance 

Average 

Daily 

Maximum 

Temper 

ature, 

P 

Chills 

Furu 

lent 

Arthri 

tis 

1 

Acutely ill 

104 0 

0 

0 

2 

Acutely ill 

102 5 

0 

+ 

3 

Acutely ill 

103 5 

Many 

+ 

i 

Acutely 111 

103 0 

2 

+ 

5 

Acutelj ill 

104 0 

4 

+ 


Gonococci 
Demon 
strated In 
Primary 




Embolic 

Blood 

Genito 

Cardiac 

Petech 

Phe 

Cul- 

IJnnarj 

Murmurs 

lae 

nomena 

ture 

Focus 

Soft systolic 

0 

0 

-1- 

+ 

Soft systolic 

0 

0 

-1- 

0 

Soft systolic 

Few 

0 

0 

+ 

Soft systolic 

Many 

0 

+ 

+ 

Soft systolic 

0 

0 

+ 

T 


Acute Bactenal (Nongonococac) Endocai ditis — In this group there 
IS no history of a primary focus of gonococcic infection (e g , urethritis 
or involvement of joints or tendons), and usually some other type of 
infectious focus (e g , lymphangitis, pneumonia, meningitis or osteo- 
myelitis) IS demonstrable Blood cultures conclusively differentiate the 
conditions The meningococcus is the one organism commonly encoun- 
tered in blood cultures which may lead to confusion 

TREATMENT 

The types of tieatment which have been employed m gonococcic 
endocarditis are innumerable The multiplicity and variety attest to 
their ineffectiveness There is one form of treatment which appears 
promising — fever, particularly when induced by means of the Kettering 
hypertherm This machine is to be commended because it is constructed 
so as to permit close watch of the patient, and its temperature and 

19 Friedberg, Charles K Gonococcemia with Recovery Report of Four 
Cases, Am J M Sc 188 271 (Aug ) 1934 
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humidity aie kept at a faiily constant level The inaiked sensitivity of 
the gonococcus to heat has been deteimmed on many occasions m vitio 
Simpson-® and Desjardins and his associates-^ have leported cures in 
the majoiity of cases of gonococcic infection in which treatment was 
given with fever in the Kettering hypei therm Kendell and Simpson -- 
have demonstrated by means of thermocouples nisei ted in vaiious parts 
of the bod}^ that the tempeiature of the tissues beneath the skin is 
elevated to essentially the same degree as that of the body surfaces 
Consequently, there is leason to hope that gonococci m the caidiac valves 
may be destroyed as leadily b}^ heat as those in other sites, assuming 
that heat is the effective factor and that the patient’s condition will 
permit the induction of the necessary amount of fevei Treatments in 
the Ketteiing hypei thei in nere used m case 10 They weie not insti- 
tuted, howevei, until evidence of severe hepatic and lenal damage had 
developed Death occurred fiom uremia after the second tieatment 
Tieatment of this patient rendered antemoitem blood cultures sterile, 
and at necropsy oiganisms could not be demonstiated m the vegetation 
on the caidiac Aab^’e b}^ either smear or culture Another patient with 
gonococcemia and suspected endocarditis, who was not included in this 
series, recoveied aftei this form of treatment A complete report on 
these patients has been made 

The efficac}'- of sulfanilamide in the treatment of gonococcic 
urethi itis obviously wai rants a trial of this drug, either alone or in 
conjunction with hypertheimia, in gonococcemia with or without 
gonococcic endocarditis 

SUMMARY 

Gonococcic endocaiditis constituted 26 per cent of all instances of 
acute bacterial endocaiditis in patients admitted to the Vanderbilt Uni- 
versity Hospital during the past twelve years It was noted in 0 7 per 
cent of 1,719 autopsies performed duiing this period It occurred in 
all age groups and was nioie frequent in men Its mode of onset was 
variable, and symptoms appeared from a few days to several years 
after the piimaiy infection The onset was sometimes insidious, con- 
sisting of generalized aching, malaise and moderate fever for several 
days In other patients there occurred in a period of a few houis high 

20 Simpson, Walter M Artificial Fever Therapy of S 3 philis and Gono- 
coccic Infections, New York State J Med 36 1290 (Sept 15) 1936 

21 Desjardins, A U , Stuhler, L G , and Popp, W C Fever Therapy for 
Gonococcic Infections, JAMA 106 690 (Feb 29) 1936 

22 Kendell, W , and Simpson, W M Personal communication to the author 

23 Williams, Robert H Gonococcal Endocarditis Treated with Artificial 
Fever, Ann Int Med 5 1766 (June) 1937 

24 Dees, John E , and Colston, J A C The Use of Sulfanilamide in Gono- 
coccic Infection, JAMA 108 1855 (May 29) 1937 
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fever, chills, petechiae and articular pains Acute polyarthritis was 
usually the first focal manifestation of generalized gonococcic infec- 
tion Petechiae weie fiequentl}'- piesent They usually occurred early 
in the disease and frequently lecurred in showers It is noteworthy 
that large petechiae with neciotic centers aie suggestive of endocarditis 
Renal complications, frequently embolic, were commonly present Chills 
occurred in all cases and sometimes were numeious The temperatuie 
usually showed marked daily fluctuations During the course of the 
illness the heait was ordinarily not enlarged, but acute dilatation fre- 
quently occurred as a terminal event Characteristic signs of valvulai 
disease appeared in every instance during the illness Myocaiditis some- 
times occurred The liver and spleen were often enlarged, and jaundice 
was present m 5 instances Marked leukocytosis and moderate or sevei e 
anemia occurred The urine frequently contained moderate amounts 
of albumin, red blood cells, white blood cells and casts Uremia was a 
common development and was the main cause of death in 42 per cent 
of our patients The duration of the endocarditis varied from a few 
days to several months The aveiage duration was five weeks 

A correct diagnosis of gonococcic endocarditis can be established 
only after close clinical observation and careful bacteiiologic studies 
Every attempt should be made to obtain the organisms from the primal y 
focus and from any joint or tendon involved Frequently repeated 
cultures on special mediums are often necessaiy in order to recover 
gonococci fiom the blood In eveiy case listed in table 1 the diagnosis 
of gonococcic endocarditis was established ante mortem 

The prognosis of gonococcic endocarditis has always been regarded 
as grave, and our experience confirms this attitude Electropyrexia 
and a recent development in chemotherapy (sulfanilamide) seem to 
ofiei some therapeutic promise 

CONCLUSIONS 

Gonococcic endocarditis is not a rare disease, since it was present 
in 26 pel cent of the patients with bacterial endocarditis (acute and 
subacute) and in 0 7 per cent of all patients coming to autopsy at the 
Vandeibilt University Hospital 

Caieful observation of the patient and thorough laboratory examina- 
tions will usually lead to a correct diagnosis 

Acute nephritis is one of the commonest and most significant com- 
plications of gonococcic endocarditis 

Uremia and acute heart failure are the usual causes of death 
The prognosis is giave The results following the use of the Ketter- 
ing hypertherm and the apparent effectiveness of sulfanilamide in gono- 
coccic infections are sufficiently encouraging to warrant thei apeutic trial 
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NEW yOHIC 

In recent yeais theie has been a tendency to minimize the eftects of 
valvular lesions and to legaid infection of the myocardium as almost 
the sole determining factor in the couise of iheumatic heart disease 
This point of view ^ represents a leaction to the older, purely mechan- 
ical conception of valvulai disease, and it may have been carried too 
far by some The tiuth lests between the two extremes As White” 
has pointed out 

With chronic healed valvulai disease there need not be any trace of previous 
infection in the perfect!}' healthy muscle Ev'entually the myocardium may become 
exhausted and fail In other words, it is the valve lesion, if well marked, 

and not the myocardial disease that eventually causes failure and death 

This piofound effect of valvulai lesions on the dynamics of the circu- 
lation is demonstrated m many ways Fluoroscopic examination, for 
instance, shows significant changes in the size of the individual caidiac 
chambeis to be legularly associated with certain valvular lesions, e g, 
enlargement of the left auiicle in mitral stenosis Electrocardiography 
demonstiates the specific effect of each vahailar lesion on the heart 
hardly less well than fluoroscopy In fact, certain electrocardiographic 
changes appear with such legulaiity that the electrocardiogram can be 
used as an aid in the diffeiential diagnosis of valvular lesions The 
present study aims to analyze the electrocardiographic changes charac- 
teristic of the most frequent valvular lesion, mitral stenosis, and to 
ascertain their diagnostic v'alue by determining their fiequency 

METHOD 

To elimmate any possible doubt as to the correctness of the diagnosis, this 
study was limited to fatal cases in which postmortem data were available 

From the Cardiographic Laboratory and the Medical Services of the Mount 
Sinai Hospital 

1 Rothschild, M A , Kugel, M A , and Gross, L Incidence and Sig- 
nificance of Active Infection m Cases of Rheumatic Cardiovascular Disease, Am 
Heart J 9 586, 1934 

2 White, Paul D Heart Disease, New York, The Macmillan Compan}, 
1931, pp 231 and 487 
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Reports of a series of 113 consecutive cases of mitral stenosis of rheumatic 
etiology in which the patients were observed in the wards of the Mount Sinai 
Hospital between the years 1925 and 1936 were collected, and the accompanying 
electrocardiograms, 265 in number, were analyzed Each electrocardiogram was 
examined as to standardization, and only technically perfect tracings were included 
m this series Only cases m which the condition was dehnitelv described as 
rheumatic heart disease in the autopsy report were investigated Great care 
was taken to exclude any cases in which mitral stenosis nas associated with 
any other pathologic condition, cardiac or otherwise, which was likely to have 
exerted an effect on the electrocardiogram Many cases of arterial h 3 'pertension 
associated with mitral stenosis were thus excluded Moreover, an associated condi- 
tion such as a large hydrothorax or perfoiated carcinoma of the stomach with 
air under the left dome of the diaphragm led to the elimination of the case from 
the series because of the possible effect on the electrical axis The remaining 
113 cases were arianged in eight groups 

1 Cases of mitral stenosis with or without mitral lnsufficlenc^ and uncom- 
plicated by disease of any other valve 

2 Cases of disease of the mitral valve associated with tiicuspid stenosis 
with or without tricuspid insufficiency 

3 Cases of disease of the mitral valve associated with tricuspid insufficiency 
without tricuspid stenosis 

4 Cases of disease of the mitral valve associated with aortic stenosis with 
or without aortic insufficiency 

5 Cases of disease of the mitral valve associated wnth aoitic insufficiency 
without aortic stenosis 

6 Cases of lesions of three valves — ^mitral, tricuspid and aortic 

7 Cases of pure mitral insufficiency without mitral stenosis 

8 Cases of mitral insufficiency associated with aortic insufficiency 

The electrocardiograms, varying in number from 1 to 12 in each case, were 
carefully analyzed as to the characteristic signs of mitral stenosis, namelj', changes 
m the size and shape of the auricular complex (P w’ave) and changes in the 
ventricular complex resulting from preponderance of either lentncle Certain 
other electrocardiographic signs — the duration of the PR interval, the initial 
ventricular deflection (Q wave), the voltage and duration of the mam ventricular 
deflection (Q R S) and the direction of the final ventricular deflection (T wave) — 
also were investigated 

Besides, it was determined from the autopsy report m each case which 
lentncle predominated in size, and this anatomic relationship was then compared 
with the electrocardiographic findings of ventricular preponderance in the same 
case Lastly, the relative sizes of the left and right auricles were compared 
with the changes m the auricular complex of the electrocardiogram, and correlation 
was attempted 

RESULTS 

Changes m the P Wave — The noimal P wave is an uptight deflec- 
tion, 1 to 2 5 mm high and not ovei 0 1 second wide One of the 
characteristic electrocardiogi aphic signs of mitral stenosis is an increase 
in the height and width of the P wave 
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Lewis ® has desciibed it as follows “The summit P has an exaggei- 
ated amplitude amounting fiequently to two, thiee, oi even foui scale 
divisions , It IS often broad, flattened and notched in the center ” 

Notching of the P wave, especially notching near the peak, is some- 
times found in association with othei conditions and at times when 
theie IS no abnormality With no othei condition, however, is maiked 
notching found so fiequently as with mitral stenosis The highei the 
P wave, usually the moie maiked the notching Most fiequently the 
notching was found neai the peak of the P wave, either on the down- 
stioke or, less often, on the upstioke Notching on the downstroke 
neai the base line of a P wave which was not diphasic was found 
only laiely In 61 of our series of 69 cases of mitral stenosis with 
legular rh 3 ^thni the P wave was notched In 14 of 16 cases of uncom- 
plicated mitial stenosis with legular sinus rhythm theie was notching 
of the P wave in one or moie leads, and m 6 of these cases theie was, 
besides, widening of the P wave m at least one lead (chait 1 A and B) 
The average height of the P wave in lead II in these 16 cases was 
163 mm, which is well within the noimal lange In only 4 of the 
16 cases was the P wave higher than 2 mm , and m 4 moie cases it 
was 2 mm high Marked inciease in the amplitude of the P wave was 
therefoie not fiequent m the cases of uncomplicated initial stenosis 
When it did occur, however, an anatomic explanation foi it could be 
obtained by comparison of the postmoitem observations with the elec- 
trocardiogiani 

Such a compaiison levealed an interesting lelationship between 
hypertrophy of the auiicles and the height of the P wave In half the 
cases of uncomplicated disease of the mitial valve there was hyper- 
trophy of the right auricle besides hypertrophy of the left auiicle, and 
in all these cases there was a high P wave, of fiom 2 to 3 5 mm , oi 
auricular fibrillation In the remaining cases, on the other hand, in 
which only the left auricle was hypertrophic, the P wave was of normal 
height, and in no case was there auricular fibi illation It may be 
inf ei red that a marked increase in the height of the P wave with 
notching is pathognomonic of enlargement of both the right and the 
left auricle Observation in a larger series of cases, however, appears 
necessary before this conclusion can be definitely accepted 

Meanwhile, anothei obseivation seems to suggest the same con- 
clusion Marked increase in the amplitude of the P wave was much 
more frequent when disease of the mitral valve was complicated by 
disease of the ti icuspid valve The highest P waves, of 3 5 mm and 
more, were observed in cases of mitial stenosis associated with tricuspid 

3 Lewis, Thomas Clinical Electrocardiography, London, Shaw & Sons, 
Ltd , 1928, p 108 
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stenosis These same P waves weie usuall} wider and more marked!} 
notched This increase in the size of the P wave is piobably explained 
by the fact that the combination of disease of the mitral and of the 
tricuspid valve produces marked enlaigement of both auricles, wheieas 
uncomplicated disease of the mitial valve piiinaiily affects only the 
left amide An analysis of oui 21 cases of disease of the mitral and 
tricuspid valves shows 4 cases in which only the left amide was hypei- 
tiophic while the right auricle was noimal The electiocardiogiams 
in 3 of these 4 cases weie characterized by a P wave of normal height 
(in the fourth case there was auricular flutter), and in 2 there was no 
notching of the P wave In the remaining 17 cases of mitial and tii- 
cuspid valvulai disease, on the other hand, both auricles were found 
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Chart 1 — A, mitral stenosis with mitral insufficenc}: Note the notched, high 
and broad P waves, the normal voltage of QRS and the absence of signs of pre- 
ponderance B, tight mitral stenosis without mitral insufficiency Note the notched 
P waves (inverted in the third lead), the PR intervals of 0 23 second and the 
right ^entrlcular preponderance, with inversion of Ts and T= Although at post- 
mortem examination the left ^entrlcle was atrophic, the voltage of R m the third 
lead was 16 mm , at the upper border of normal C, mitral insufficiency without 
stenosis Note the normal P waves and the tendency to left ventricular pre- 
ponderance, VIZ , an S wave without an R wave in lead III and Ri not tallei than 
R: D, mitral insufficiency without stenosis Note the almost normal P waves, 
with only slight notching in lead II, and the absence of signs of preponderance 

hypertiophic at postmoitem examination Comparison of the electio- 
cardiograms revealed an illuminating difference in the appeal ances of 
the P wave With but 2 exceptions the P wave was highei than in the 
cases in which there was hypertroph} of only the left auricle, and m 
every instance it was notched This difteience in height and notching 
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of the P wave may peihaps be caused a summation of electiical 
effects produced by the simultaneous conti action of the two hypei- 
trophic auricles, but this group of cases is of couise too small to peimit 
the di awing of any definite conclusions 

Besides, it is well to lemember at this point that an absolutely 
constant relation between the height of the P wave and the degree of 
auricular hypeitroph}' can nevei be expected, just as there is no con- 
stant relation between the height of the QRS complex and the degree 
of ventiicular hypeitiophy A failing heart is known often to show 
low voltage of the ventricular complex By the same token, the volt- 
age of the auricular wave must be influenced by variations m the func- 



Chart 2 — A, mitral stenosis with mitral insufficiency and tricuspid stenosis 
with tricuspid insufficiency Note the notched, broad P waves, the PR intervals 
of 023 second and the right ventricular preponderance, AMth inversion of T 2 and 
T= B, mitral stenosis with mitral insufficiency and tricuspid stenosis w'lth tricuspid 
insufficiency Note the notching of the P waves and the tendency to right 
ventricular preponderance C, mitral stenosis and tricuspid insufficiency ivithout 
tricuspid stenosis Note the notched, high and broad P waves and the right 
Aentncular preponderance D, mitral stenosis with mitral insufficiency and tri- 
cuspid insufficiency without tricuspid stenosis Note the notched, broad P waves 
and the right A^entncular preponderance, Avith inversion of Ts and T= 


tional status of the amiculai musculatuie It is no wondei, theiefoie, 
that marked auricular hypertrophy is occasionally found to be asso- 
ciated with a P wave of noimal height As a mattei of fact, it is sur- 
piising that such exceptions aie not moie frequent 

A still more difficult pioblem was the search for electiocardiogiaphic 
signs of aunculai pi eponderance This search failed completely We 
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found 4 cases in our senes in which theie was hypei trophy of the 
light auiicle but a normal left auricle The P wave in the electro- 
cardiogiams in these cases was no difteient fiom that in 16 cases of 
hypertrophy of only the left auiicle, with a normal light amide 
Inversion of P 3 occuiied with the same fiequency with hypei trophy 
of either the right 01 the left auricle 

When the left amide showed a rheumatic lesion at necropsy, the 
P wave of the electrocai diogram appealed no different from that in 
cases in which the amicular wall was not invaded, and notching, in par- 
ticular, was no more marked This subject deserves further investi- 
gation, howevei, as the number of cases of auncuhtis included in this 
study was too small to wan ant the drawing of definite conclusions 



Chart 3 — A, mitral stenosis (slight) and aortic stenosis Note the slighth' 
notched P waves and the left ventricular preponderance, with inversion of Ti 
and T: B, mitral stenosis (“button-hole” type) with mitral insufficiency and 
aortic stenosis (slight) The left ventricle was very small Note the notched, 
high P waves, the normal voltage of QRS and the right ventricular preponderance 
C, mitral stenosis with mitral insufficiency and aortic insufficiency The blood 
pressure was 130 systolic and 45 diastolic Note the slightly notched, broad P 
waves, the high voltage of QRS and the left ventricular preponderance The 
duration of QRS is 0 1 second D, mitral stenosis with mitral insufficiency and 
aortic insufficiency The blood pressure was 114 systolic and 70 diastolic Note 
the slightly notched P waves, inverted m lead III, the normal voltage of QRS 
and the absence of preponderance 

In the group of cases of mitral stenosis with aortic insufificienc} 
(chart 3C and D) the average height of the P wave was no greater 
than with pure mitral stenosis While some notching was found in all 
cases of this group, no P wave was higher than 2 5 mm The contrast 
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between the findings in this last group and those in the cases of initial 
stenosis with disease of the tiicuspid valve leflects the fact that dis- 
ease of the aortic valve does not diiectly afilect the size of either 
auricle, whereas disease of the tiicuspid valve leads to enlaigement of 
the light auiicle, in addition to enlaigement of the left auricle pro- 
duced by stenosis of the initial ostium 

A still moie sti iking contiast was found in the compaiison of the 
P waies m cases of initial insufficiency (chait 1 C and D) with those 
m cases of mitral stenosis (chait 1 A and B) Widening of the P wave 
was raiely found with initial insufficiency, and notching was observed 
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Chart 4 — A, aortic insufficiency and mitral insufficiency without stenosis The 
blood pressure was 120 systolic and 60 diastolic Note the notched P waves of 
normal height Obser\e the fairly high voltage of QRS portrayed and the left 
ventricular preponderance S, aortic insufficiency and mitral insufficiency without 
stenosis Pericardial effusion was noted The blood pressure was 145 systolic and 
95 diastolic Note the normal P waves, the duration of QRS (014 second), the 
low voltage of QRS and the left ventricular preponderance C and B (the same 
case), three lesions mitral stenosis with msufficienc}’-, tricuspid stenosis with 
insufficiency and aortic stenosis with insufficiency Note the change from right 
ventricular preponderance to left ventricular preponderance, the auricular fibrilla- 
tion in C and the notched P waves in D In Z> the prolongation of the PR 
interval to 028 second and the inversion of Ti were due to the administration of 
digitalis 

in only half the cases The addition of aoitic insufficiency to mitral 
insufficiency did not affect this relationship The notching when present 
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was less marked than in the other groups, and the aveiage amplitude 
of the P wave was slightly lower (chait 4 A and B) 

Occunence of Auiiculm Fibrillation and Auiiculai Fluttei — In 4 
of the 19 cases of puie mitial stenosis, auiicular fibrillation occuired 
When disease of the tricuspid valve was associated with mitial stenosis, 
auriculai fibrillation was more frequent (8 of the 21 cases) The asso- 
ciation of aoitic insufficiency with mitral stenosis, on the othei hand, 
did not afiect the frequenc}^ of auricular fibrillation In 4 of the 19 
cases there was auricular fibrillation — the same proportion as in the 
cases of uncomplicated mitral stenosis and mitral insufficiency 

In the small group of 7 cases of aortic and mitral stenosis, auiiculai 
fibrillation occuired 3 times and auricular flutter once Auiicular fibril- 
lation was most frequent in the group of cases of mitral stenosis with 
disease of the tiicuspid and aortic valves, in 15 of the 32 cases this 
irregularity was noted In 15 cases of mitral insufficiency without 
stenosis, on the other hand, not a single instance of auricular fibi illa- 
tion was found, and it made no difference whether aortic insufficiency 
complicated mitral insufficiency or not 

Auricular flutter occurred in only 3 of the 113 cases, each time in 
a case of mitral stenosis complicated by disease of the aortic or tii- 
cuspid valve or disease of both valves This group is too small to 
permit the drawing of any conclusions from it 

Ventiiculai Piepondeiance — This electrocardiographic sign shows 
more clearly than any other the profound effect which a valvular lesion 
exerts on the dynamics of the heait In this study the width of the 
mitial ostium and the othei associated valvular lesions proved to be 
the two principal factois which determined ventricular pieponderance ^ 
To determine whether the degree of stenosis had an effect on the 
signs of ventricular preponderance in the electrocardiogiam, we exam- 
ined all necropsy records and arranged the cases in two groups, those 
in which theie was tight stenosis and those m which theie was mod- 
el ate or slight stenosis In all the cases of tight stenosis of the mitral 
valve there was marked hypei trophy of the right ventricle, with the 
left ventricle smaller than the right In general, in the cases of mod- 

4 Right ventricular preponderance was the diagnosis made when lead I had 
no R wave or but a small one, with the downward deflection larger than R, 
in addition, Ra had to be taller than R- Left ventricular preponderance was the 
diagnosis made when lead III had no R wave or only a small one, with the 
downward deflection larger than Ra, in addition, Ri had to be taller than Ra 
A tendency to right ventricular preponderance was the diagnosis made when there 
was a low R wave m lead I, with the downward deflection larger than Ri but 
with Ra not taller than Ra A tendency to left ventricular preponderance was 
the diagnosis made when there was a low R wave in lead III, with the dowm\ ard 
deflection larger than R- but with Ri not taller than Ra 
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eiate or slight stenosis, on the othei hand, less maiked hypertiophy 
of the light ventricle and vaiying degrees of hypertrophy of the left 
ventiicle weie noted The electrocardiograms in these two gioups were 
then compared and they revealed a significant diffeience In only 8 of 
our 18 cases of uncomplicated mitial stenosis, with or without mitral 
insufficiency (table 1), that is, in about one-half the cases, definite 
light ventricular preponderance was noted Without exception they 
were cases of the “button-hole” type, with tight stenosis of the mitral 
valve In cases m which only moderate nan owing of the initial ostium 
and mitral insufficiency weie noted there was usually no pi eponderance 
or tendency to right ventiicular prepondeiance It is to be lemembeied 
that this study is limited to neciopsy mateiial Of the laige numbei of 
cases of earlier mitial stenosis with which the clinician, comes in contact, 
there is a much smaller proportion in which such maiked nan owing 
of the mitral ostium is likely to be present Right ventiiculai pre- 
ponderance, therefore, will be coiiespondmgly less fiequent in clinical 
cases One fact stands definitely established as a result of oui investi- 
gation Ventricular preponderance depends on the degree of stenosis, 
the tighter the stenosis, the moie definite the light ventricular prepon- 
derance In no case of uncomplicated mitial stenosis with or without 
mitral insufficiency was there left ventricular piepondeiance 

Next, the cases of disease of the mitial and tricuspid valves were 
investigated Here the findings were more uniform than in cases of 
uncomplicated disease of the mitral A^alve Besides the stenosis of the 
mitral ostium, a second factor was found to be opeiative in these cases 
which tended to swing the balance of the ventricles in the same direc- 
tion, towaid right ventricular preponderance This second factor was 
the associated lesion of the tricuspid valve In all these cases marked 
hypertrophy of the right ventricle was noted In the great majoiity 
(16 of 21 cases), therefore, right ventricular pi eponderance was noted, 
while m 3 more cases there was a tendency to light ventricular pre- 
ponderance (table 1) 

Outright left ventricular prepondeiance was never found in a case 
of mitral stenosis with or without mitral insufficiency unless it was 
complicated by aortic valvular disease When this complication existed, 
paiticularly when aortic insufficiency as well as mitral stenosis was 
present, this factor tended to swing the balance of the ventricles in 
the opposite direction, toward left ventricular preponderance In half 
these cases there was left ventricular preponderance, with either no 
preponderance or right ventricular preponderance noted in the other 
half (table 1) Comparison with the pathologic and clinical pictures 
usually revealed that the preponderance depended on the extent of the 
leak in the aortic valve Tight mitral stenosis complicated by moderate 
aortic insufficiency (without a high pulse piessure) often was asso- 
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ciated with right ventricular prepondeiance In all the cases of maiked 
aortic insufficiency with high pulse piessure, however, there was left 
ventiicular preponderance, whether the associated mitral stenosis was 
slight or marked In other words, aoitic insufficiency outweighed mitral 
stenosis m pioducing ventricular preponderance Aortic stenosis, on 
the other hand, had a much less marked effect on ventiiculai piepon- 
derance than aortic insufficiency, and in only 1 of the 7 cases of this 
type was there left ventricular preponderance (table 1) 

A mixed picture was presented by the gioup of cases of mitral 
stenosis with aortic and tiicuspid valvular disease (table 1) In 13 of 
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the 32 cases there was right ventriculai piepondeiance, i effecting the 
dominant effect of disease of the tiicuspid valve In 6 cases theie was 
left ventriculai prepondeiance, and in these cases the lesion of the 
aortic valve exceeded that of the mitral and tricuspid valves in extent 
and dynamic effect In 4 of the remaining 13 cases theie was varying 
pi eponderance, no preponderance in 1 electrocardiogi am and right oi 
left ventricular preponderance m another electrocardiogi am or even a 
complete change from right to left ventiicular prepondeiance in suc- 
cessive tracings These variations reflect the fact that changes m the 
mterpla} of the lesions may occur and ma}’- even be leversible 

Reviewing all 93 cases of mitral stenosis, puie or complicated 
with other valvular lesions, we find that m 45, i e, about half, theie 
was right ventriculai preponderance, m 11 theie was noted a tendency 
to right ventricular preponderance In only 15 cases, all of them 
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cases ol mitral stenosis with disease of the aortic valve, was there 
left ventiiculai prepondei aiice , in 5 there was noted a tendency to left 
ventricular pi eponderance, and in 17 there was no ventriculai pre- 
pondei ance 

Mitral insufficiency without stenosis revealed itself as a valvulai 
lesion with a less marked eftect on ventricular prepondei ance than 
initial stenosis If at all, initial insufficiency tends to change the balance 
tovard prepondei ance of the left ventricle In 1 of the 8 cases of puie 
mitral insufficiency theie was left ventricular pi epondei ance, in 3 there 
was a tendency to left ventricular pi eponderance, in only 1 was theie 

tcoi Fafal Cases of Disease of the Mitial Valve 
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a tendenc)'^ to light ventiiculai pi eponderance, m none was theie actual 
right ventriculai preponderance and in 3 there was no prepondei ance 
When aortic insufficiency complicated mitral insufficiency, left ven- 
tricular preponderance Avas, of course, more frequent In more than 
half, or 4, of the 7 cases of this type there was left ventiicular pie- 
ponderance, and m 3 there was no pi epondei ance 

Dwation of the PR Interval — Prolongation of the PR interval is 
an important sign of active iheumatic caiditis, but the seat of the 
valvular lesion has little bearing on that interval Accordingly, in our 
series prolongation of the PR interval \vas occasionally found in almost 
all groups, and it mattered little whethei an uncomplicated lesion of the 
mitral valve or a combined lesion was observed at necropsy (chart 1) 
In only one group w'-as prolongation of the PR interval particularly 
frequent, the cases of three lesions — ^mitral, aortic and tricuspid — com- 
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bmed This lecalls the fact that prolongation of the PR mteival some- 
times IS the foreiunnei of auiicular fibrillation By the same token, 
auiicular fibrillation also was exceedingly frequent in this same giotip 

Changes m the Q Wave — ^The initial ventricular deflection (Q wave) 
was present in lead III in 67 of the 113 cases of mitial valvular disease 
In only 20 cases did this deflection appear in lead I An analysis of the 
appearance of the Q wave in the eight different groups of cases of 
mitral disease (with oi without other valvular lesions) did not leveal 
any significant lesults A deep Q wave, measuring 25 per cent or more 
of the height of the R wave, was found in only 6 of the 113 cases 
In all these 6 cases mitral stenosis was associated with disease of 
the aortic valve, either stenosis oi insufficiency In these cases the vol- 
tage of the remamdei of the ventricular complex was also relatively 
high 

Changes in the Dwation of the Main Ventiiculai Complex {QRS) 
— An analysis of this sign (table 1) leveals that mitral valvular disease 
per se has little influence on mtra\entricular conduction In only 12 of 
die 113 cases did the duration of QRS exceed 0 1 second, and all but 3 
of these 12 weie cases of aortic insufficienc}' complicating initial lal- 
vulai disease It is well known that aortic insufficiency often produces 
an increase in the duration of QRS Mitral stenosis does not produce 
such an increase The average duration of QRS was 0 07 second in the 
cases of pure mitral stenosis, as well as in those of mitral stenosis com- 
plicated with aoitic stenosis or with tricuspid stenosis, and slightly 
greater (0 08 second) in cases of mitral stenosis associated with aortic 
insufficiency and in the larger group of cases of mitral stenosis asso- 
ciated with both aortic and tricuspid valvular disease 

Voltage of QRS — Pardee® has stated that many patients with 
marked mitral stenosis have large excuisions of QRS, and he has attrib- 
uted the increased size of the deflections to cardiac hypertrophy This 
statement is not borne out by oui investigation (table 1 ) Pardee gave 
16 millivolts as the uppei limit of normal foi the voltage of QRS In 
not one of our 19 cases of uncomplicated disease of the mitral valve 
was the QRS complex higher than 16 millivolts, and in only 4 of these 
19 cases was the voltage 15 or 16 millivolts The aveiage voltage of 
QRS in all these 19 cases was 10 millivolts Whether the stenosis was 
of the “button-hole” type or only moderate did not affect the voltage 
of QRS at all The voltage of QRS in cases of mitral insufficiency 
without stenosis was no different fiom that found in mitial stenosis 

The observation of the normal voltage of QRS in mitral stenosis led 
us to investigate another problem In rheumatic valvular heart disease 

5 Pardee, H E B Clinical Aspects of the Electrocardiogram, New York, 
Paul B Hoeber, Inc , 1928, pp SO and 76 
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does hypeitiophy of the right ventiicle alone ever result in high volt- 
age of the QRS complex^ In congenital heart disease high voltage is 
not uncommon when the light side of the heart is veiy laige In 16 
of oui 19 cases of uncomplicated disease of the mitial valve, there was 
hypei trophy of the light ventiicle, and m 3 of these the right ventricle 
was huge Yet, as was mentioned before, in all these cases the voltage 
of the QRS complex was noimal The aveiage weight of the heart in 
this group was 445 Gni In the group of cases of mitial valvular dis- 
ease with tiicuspid stenosis the hearts weie of about the same size as 
those 111 the first gioup, and their average weight was 455 Gm , while 
the voltage of QRS, with 2 mmoi exceptions, was also within noimal 
limits Decisive infoimation, however, was obtained from a study of 
the third gioup, cases of mitral valvular disease with tricuspid insuf- 
ficienc)^ It IS commonly known that tricuspid insufficiency leads to 
extieme enlargement of the heait This was geneially tiue m oui 
group of 13 cases The aveiage weight of the heait was 556 Gm , and 
a large part of this weight was due to hypertiophy of the light ventricle 
In spite of this maiked light ventiiculai hypertiophy, in no case of 
mitral valvular disease with tricuspid insufficiency was there high volt- 
age of QRS in the electrocardiogram Fifteen millivolts was the highest 
figuie In maiked contrast to this normal voltage were the findings 
in cases of mitral valvular disease associated with aoitic insufficiency 
The presence of aoitic insufficiency had a maiked effect on the voltage 
of QRS, and the highest excursions, up to 28 millivolts, were found 
in these cases Cases in which the left ventiicle was very large weie 
of course prevalent m this gioup 

We aie justified in concluding fiom these findings that of the two 
ventiicles the left is the one which contiibutes moie to the voltage of 
the ventiiculai complex and that in rheumatic valvulai disease hypei - 
trophy of the right ventricle does not commonly result in high voltage 
of this complex These obseivations are reminiscent of a common 
fluoroscopic finding The contractions of the light ventiicle, as seen 
on the fluoroscopic screen, are never as vigoious as those of the left 
ventricle The paiallelism is obvious, even though it is known that the 
voltage of the electrocardiogiam is no simple function of the strength 
of the contraction 

Equally illuminating was a sepaiate analysis of 7 cases of initial 
stenosis in which an ati opine left ventiicle was noted on postmortem 
examination (table 2) The height of QRS in these 7 cases varied 
fiom 5 to 16 millivolts, with an average of 10 millivolts — no lower than 
that in the lest of the cases in which theie was no aortic insufficiency 
While the obseivations on tiicuspid insufficiency previously described 
show the right ventricle to pla}'- a minor lole m producing the voltage 
of QRS, these cases of atiophy of the left ventricle demonstrate clearly 
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that the size of the left ventricle does not alone determine the voltage 
of the QRS complex and that the role of the light ventricle is by no 
means negligible It is seen that hypertiophy of the right ventricle 
alone can produce so consideiable a voltage as 16 millivolts 

When analyzing the voltage of QRS, all extianeous factois which 
might possibly influence it had, of couise, to be consideied That such 
a condition as pleural or peiicaidial efitusion led to the exclusion of a 
case has already been mentioned It occurred to us that adhesive peri- 
carditis might have a similai depressing effect on the voltage of the 
ventricular complex All cases of chionic adhesive pericarditis theie- 
fore were grouped together, legardless of the nature of the existing 
valvular lesion Twenty-one of our 113 cases fell into this gioup 
The average voltage of QRS in the cases in this gioup was 11 milli- 
volts, practically the same as in the remainder of the cases and cer- 
tainly no lowei In only 3 of these 21 cases was the voltage low 


Table 2 — Data Regarding Eight Cases of Pine Miiial Stenosis (Atiophy 

of the Left Veniticlc) 




Q Wave 

Duration 

Highest 


Case 


» , 

ol QRS, 

Voltage of QRS, 

Ventricular 

Number 

Lead 

Milln olts 

Sec 

Millivolts 

Preponderance 

1 

III 

1 

0 07 

9 

Right 

2 



0 07 

O 

None 

S 

HI 

2 

OOS 

14 

Right 

4 



OOS 

16 

Right 

5 

HI 

1 

0 06 

5 

None 

6 

III 

1 

006 

9 

Right 

7 

III 

2 

OOS 

6 

Right 

S 

III 

1 

OOC 

9 

Right 


(below 7 millivolts), and in only 1 case was the voltage high (17 milli- 
volts) Thus we found that chronic adhesive pencaiditis had no definite 
effect on the voltage of QRS 

Changes in the 1 Wave — Inveision of the T wave has been shown 
to be a concomitant of ventnculai pi eponderance Mastei ® showed 
that inversion of Tg, or both Tg and Tg, is commonly associated with 
marked enlargement of the right ventiicle, whereas mveision of T^, 
01 both Tj and To, is commonly associated with enlaigement of the 
left ventricle This was confirmed by our investigation As expected, 
inversion of Tg was particular!}’- frequent In 7 of the 19 cases of 
uncomplicated disease of the mitral valve this sign was noted With 
two exceptions, these were the same cases as those in which the tight 
“button-hole” type of stenosis of the mitral ostium and maiked hypei- 
tiophy of the right ventricle were observed post moitem In the gioup 
of cases of uncomplicated disease of the initial valve there were 3 

6 Master, A M Right Ventricular Preponderance (Axis Deviation) of the 
Heart, Am J M Sc 186 714, 1935 
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cases of extreme enlaigement of the light ventiicle, and in all 3 invei- 
sion of Tg was noted Whenever both Tg and Tg weie found inveited 
01 diphasic, necropsy later showed a very large right ventiicle In 
cases of mitral and tricuspid valvular disease theie was mveision of 
Tg, 01 To and Tg most frequently, and the laigest light ventricles weie 
likewise found in this gioup In the cases of initial valvular disease 
complicated with aortic insufficiency, on the other hand, inversion of 
Tj, with or without mveision of To, was not mfiequently found (m 
4 of 19 cases), reflecting the marked enlaigement of the left ventricle 
common to that condition In the laige gioup of cases m which theie 
weie three lesions both types of tiacings weie noted, when aoitic insuf- 
ficiency vas the piedominant lesion, inversion of T^ was frequently 
found, with or without mveision of To When the tiicuspid lesion 
piedommated, howevei, inversion of To, with oi without mveision of 
To, occuired frequent!} 

Compai ison of Elect) ocm diogi ams and Postinoi fein Obsc) nations — 
Pardee® has stated that the elect! ocardiogi am wnll suffice in 75 pei 
cent of cases to place the i elation of the ventiiculai weights To detei- 
mine how leliable the electrocaidiogiaphic signs of ventricular pre- 
ponderance were m our series, the autopsy lecords of all 113 cases 
ivere examined In each case it was detei mined whether the left or 
the right ventricle piedommated in size by noting the degiee of hypei- 
trophy as leported m the autopsy lecoid This anatomic relationship 
was then compai ed with the electrocardiogiaphic findings of ventiicular 
prepondeiance m the same case 

In only 22 of the 107 cases so examined" weie theie no signs of 
ventricular preponderance In the remaining 85 cases there weie 45 
instances of right ventriculai preponderance, 20 of left ventricular pre- 
ponderance, 12 in ivhich a tendency to light ventriculai pieponderance 
was noted and 8 m which a tendency to left ventricular pieponderance 
was noted 

In 76 of these 85 cases (89 per cent) theie was agieement between 
the electrocardiogi aphic and the autopsy obsei vations , in only 9 cases 
(11 per cent) w^as there disagreement In 5 of these 9 cases theie was 
right ventricular pieponderance, in 2 left ventiicular prepondeiance, 
in 1 a tendency to light ventriculai prepondeiance and in 1 a tendency 
to left ventricular preponderance 

The 22 cases in which the electrocai diogi am showed no prepon- 
deiance were then analyzed In half of them it ivas observed that the 
two ventiicles weie equally hypeitiophic The electi ocardiogi am in 
these cases therefoie expressed the anatomic lelationship correctly 

7 From the total of 113 cases 6 had to be omitted from these correlation 
studies because preponderance was variable 
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But necropsy showed definite preponderance of the left ventricle in 7 
and of the right in 4 of the other 11 cases Here the information 
given by the electrocardiogram was actually erroneous A small part 
of these 11 failures (2 cases) can be explained by inadequacy of the 
definition of “tendency to right ventricular preponderance ” These 2 
are the only cases m which a determination of the electrical axis, 
according to Einthoven’s tables,^ would have yielded better results and 
shown preponderance correctly The remaining 9 failuies, however, 
are unexplained They force us to the conclusion that electi ocardio- 
graphic signs of ventricular preponderance aie reliable only when 
present When the electrocardiogram shows no preponderance, then 
marked anatomic pieponderance of either ventricle may yet exist and 
may come to light only at necropsy 

COMMENT 

Lewis ® has stated “The electrocardiogiams of initial stenosis are 
often so characteristic that the valve lesion may be diagnosed fiom 
these curves alone ” What, then, is the typical electrocardiogram of 
mitral stenosis,® and how often does it appeal ^ Our analysis has 
attempted to answei this question 

Perhaps the most valuable lesson to be learned fiom this study is 
the realization of the importance of the associated valvular lesions 
It must not be forgotten that at the bedside an associated tricuspid 
lesion usually cannot be recognized Yet it is known that lesions of 
the mitral valve alone are larer than combined lesions In oui series 
of 98 cases of mitral stenosis theie were only 19 cases of mitral stenosis 
with 01 without mitral insufficiency, but theie were 79 cases of com- 
bined lesions Cases of puie mitral stenosis without insufficiency and 
without lesions of other valves are even rarer (only 8 m oui series 
of 113 cases) In othei woids, the “typical” case of mitral stenosis is 
not a pure case of mitral stenosis, and the “typical” electi ocaidiogram 

8 Einthoven, W , Fahr, G , and de Waart, A Ueber die Richtung und die 
manifeste Grosse der Potentialschwankungen im menschlichen Herzen, Arch f d 
ges Physiol 110 275, 1913 

9 Samojloff, A , and Steshinsky, M Ueber die Vorofserhebung des Elek- 
trokardiogramms bei Mitralstenose, Munchen med Wchnschr 56 1942, 1909 
Steriopulo, S Das Elektrokardiogramm bei Herzfehlern, Ztschr f exper Path 
u Therap 7 467, 1909-1910 White, P D , and Bock, A V Electrocardiographic 
Evidence of Abnormal Ventricular Preponderance and of Auricular Hypertrophy, 
Am J AI Sc 116 17, 1918 White, Paul D , and Burwell, C S The Effect 
of Mitral Stenosis, Pulmonic Stenosis, Aortic Regurgitation and Hypertension on 
the Electrocardiogram, Arch Int Med 34 529 (Oct) 1924 Alexander, A A , 
Knight, H F , and White, Paul D The Auricular Wave of the Electrocardio- 
gram Clinical Observations with Especial Reference to Pulmonic and Mitral 
Stenosis ibid 36 712 (Nov) 1925 
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of mitral stenosis, therefoie, is the electrocai diogram of a combined 
lesion, mitral stenosis associated with at least one other valvulai lesion, 
usually of the tricuspid valve Foi many years the opinion has pre- 
vailed that the combination of a notched P wave and right ventricular 
preponderance is characteristic of the electi o cardiogram of mitral ste- 
nosis The results of our investigation do not bear this out Notching 
of the P wave definitel}- remains the most characteristic electrocardio- 
graphic sign of mitral stenosis, and in 14 of the 16 cases of mitral 
stenosis this sign was present Right ventiicular preponderance, how- 
evei, was found in less than half the cases in this same group and m 
only 45 cases in the entire series 

Mitral stenosis with insufficienc}'- may be expected to show a notched, 
often broad P wave of model ate height and no ventricular prepon- 
derance or tendency to right ventricular preponderance (chart 1 A) 
If there is right ventricular preponderance, the stenosis of the mitral 
ostium IS usually very tight (chart IP) If theie is marked right 
ventricular preponderance and if at the same time the notched P wave 
IS ver}- high and wide, the presence of an associated tricuspid lesion 
may be safely assumed (chart 2 A, C and P) The occurrence of auric- 
ular fibrillation or flutter, while not uncommon in uncomplicated mitral 
stenosis, also would help to favor the diagnosis of an associated lesion 
of the tricuspid valve 

On the other hand, left ventriculai preponderance absolutely excludes 
the diagnosis of uncomplicated mitral stenosis, provided hypertension can 
be ruled out This statement is of practical importance A soft proto- 
diastolic murmui at the base of the heart m a case of clearcut mitral 
stenosis in which left ventricular preponderance is revealed in the 
electrocardiogram is not a Graham Steel murmur but indicates aortic 
insufficiency If there is left ventricular preponderance and high volt- 
age of QRS, with a duration of the mam ventiicular deflection of 0 1 
second, associated with only moderate notching of the P wave (which 
IS not ver} wide), then the diagnosis of aortic insufficiency and dis- 
ease of the mitral valve may be assumed (chait 3 C and P) The 
presence of right ventricular preponderance does not rule out the pos- 
sibility that an aortic insufficiency is associated with mitral stenosis 
The occurrence of auricular fibrillation would have no weight in the 
decision for or against aortic insufficiency As is natural, those cases 
in which the signs of aortic insufficiency (high pulse pressure, loud 
diastolic murmur and large left ventricle) are marked are usually also 
the ones in which left ventricular preponderance, a wide QRS and 
high voltage are noted By the same token, the electrocardiogram is 
sometimes of little help when m a case of clearcut mitral stenosis 
coexisting insufficiency of the aortic valve is looked for before the 
clinical examination reveals its obvious signs 
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The pictuie is most vaned when the rheumatic process has affected 
three or all four valves Here the electrocardiogram is the least chai- 
acteristic While right ventricular preponderance is more frequent, 
left ventricular preponderance or no pieponderance may be present 
Aunculai fibrillation was most frequent in this group, occurring in 14 
of 32 cases of our series, besides 1 case of auricular flutter There is 
one sign which, though uncommon, when it does occui seems charac- 
teristic of the coexistence of three valvular lesions, i e , complete change 
of ventricular preponderance from that of the right ventricle to that of 
the left ventiicle or vice veisa This reflects the changing interplay 
of the different lesions and their specific effect on the dynamics of the 
heart In a case of combined mitral, aoitic and tricuspid lesions the 
aortic insufficiency may be the principal lesion at one time, and left 
ventricular preponderance may be shown, while at another time the 
tricuspid lesion may become more marked, and this change may express 
itself m a shift to right ventricular preponderance 

The Elech ocai d^og) am of Mitial Insufficiency — On the autopsy 
table it IS often difficult to decide whether there is stenosis alone or 
stenosis with insufficiency of the mitral valve In the small series of 
8 cases of mitral stenosis in which there was an atrophic left ventricle 
(table 2) we may be suie there was no mitral insufficiency Yet, with 
regard to the P wave, the voltage and the ventricular preponderance, 
the electrocardiograms in these 8 cases did not in any way differ from 
those in the remaining cases of mitral stenosis, in which presumably 
there was also mitral insufficiency When, on the other hand, mitral 
insufficiency exists alone, without stenosis, the picture is definitely 
different 

Mitral insufficiency without stenosis was once thought to be the 
most common single valvular lesion At autopsy it is relatively rare 
In only 8 of our series of 113 fatal cases of rheumatic disease of the 
mitral valve was theie mitral insufficiency alone The fact that in 5^. 
of these 8 cases the patient was 6 years of age or younger shows that 
mitral insufficiency is an eaily result of the rheumatic process, whereas 
mitral stenosis appears only later In several of these cases a typical 
apical presystolic lumble was present during life, and therefoie the 
diagnosis was mitral stenosis, yet at necropsy only mitral insufficiency 
was observed The electrocardiograms were different from those in 
mitral stenosis Bettei knowledge of the electrocardiogiam might have 
served at least to cast doubt on the clinical diagnosis Several features 

10 It has been shown (Bland E F , White, P D , and Jones, T D The 
Development of Mitral Stenosis in Young People, Am Heart J 10 995, 1935) 
that the ultimate development of extensive valvular deformity either with or 
without actual stenosis probably requires a minimum of two years 
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distinguish the electiocardiogiam in the cases of initial insufficiency 
fiom that in cases of mitral stenosis in our series (chait 1 C and D) 
Fust of all, auiicular fibrillation nevei occuried in any of our cases 
of mitral insufficiency, no matter whether that lesion existed alone or 
was associated with aoitic insufficienc)^ Second, the P wave was dif- 
feient A comparison of A and B with C and D m chart 1 will illus- 
trate this point In only half the cases of mitral insufficiency was the 
P wave notched When notching did occur, it was slight, and the P 
wave larely was wide The PR inteival was usually normal, and the 
duration of QRS was short, about 006 second The voltage of QRS 
in cases of pure mitral insufficiency was slightly lower than that in 
mitral stenosis Lastly, right ventricular pi eponderance never occurred , 
there was usuall)^ no piepondeiance or tendency to left ventiicular 
prepondeiance Taken all together, these characteristics distinguish the 
typical electrocardiogram of a patient with mitial insufficiency from 
that of a patient with initial stenosis with a fan degree of accuiacy 

T-ible 3 — Coi relation of Ehcti ocaidtogiaphic and Anatomic Observations 

of Ventricular Prepondeiance 



Xumber of Cases 

Agreement 

Disagreement 

Right ventricular preponderance 

45 

40 

5 

Left ventricular preponderance 

20 

18 

2 

Tendency to right ventricular preponderance 

12 

11 

1 

Tendency to left ventricular preponderance 

8 

7 

1 

Total 

85 

70 (89%) 

9 (11%) 


V 

Finally, a few ivords must be said about our attempt to con elate 
the electrocardiographic signs of ventricular pi eponderance and the 
postmortem obseivations Fiom that correlation one impoitant fact is 
learned In our senes the electrocardiogram was 89 per cent reliable 
in indicating ventriculai preponderance whenever signs of preponder- 
ance were present Valvular lesions, as a rule, lesult m an altered 
anatomic relationship between the ventiicles The effect of this altered 
anatomic relationship usually far outweighs the extracardiac factors, 
such as the type of chest and the height of the diaphragm All patho- 
logic processes affecting the electrocardiogi aphic signs of ventricular 
preponderance, such as a large hydrothoiax and diaphragmatic abnor- 
malities, were of course carefully excluded from this series These 
conditions can in most cases be ruled out by the clinician If they are 
ruled out and if signs of ventricular preponderance are present, the 
electrocardiogram expresses anatomic relationship in such a high per- 
centage of cases (89 per cent) that one can rely on it The terms right 
ventricular preponderance and left ventricular preponderance appear 
justified by the results of our correlation In the last few years they 
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have frequently been leplaced by the terms left axis deviation and 
light axis deviation Yet it must be lemembered that an electucal axis 
of the heart does not actually exist It is a mathematical absti action 
and surely not itself of great piactical significance On the othei hand, 
knowledge of the prepondeiance of one ventiicle over the other may 
be of great clinical impoitance In cases of rheumatic valvulai heart 
disease, therefore, it seems to us, the teims left ventiiculai piepon- 
derance and right ventiiculai prepondeiance aie more expressive and 
moie piactical, and we believe that they should not be leplaced bj’ the 
terms left axis deviation and light axis deviation 

SUMMARY 

Reports of 113 fatal cases of rheumatic disease of the initial 
valve with autopsy records were collected and the electrocardiograms 
analyzed Associated lesions of other valves weie found to be the most 
important single factor affecting the electi ocardiograms 

Notching of the P wave was found to be the piincipal electi o- 
cardiographic sign of mitral stenosis Marked inciease in height and 
width of the P wave, however, was always associated with hyper- 
trophy of both auricles and was therefore found to be common only 
in cases of mitral stenosis associated with disease of the tricuspid 
valve and in these cases the notching was geneially moie marked 
Right ventricular pieponderance was noted in less than half the 
cases of uncomplicated disease of the mitral valve and therefore cannot 
be regarded as a characteristic sign of mitral stenosis Right ventiiculai 
preponderance, however, was geneially found in the "‘button-hole” 
type of mitral stenosis, but still more frequently right ventricular pre- 
ponderance was due to an associated lesion of the tiicuspid valve 
Left ventricular preponderance was nevei found in any case of 
mitral stenosis unless disease of the aoitic valve also was piesent 
When mitral stenosis was associated with aortic insufficiency electro- 
cardiographic signs of ventricular preponderance depended solely on 
the extent of the leak in the aoitic valve, in all cases of marked aortic 
insufficiency with high pulse pressure left ventiiculai preponderance 
was present, whethei the associated mitral stenosis was slight oi 
marked 

The voltage of the chief ventricular deflection (QRS) in cases of 
mitral stenosis was never above noimal unless aoitic insufficiency 
coexisted In cases of mitial stenosis with atrophy of the left ventricle, 
the voltage of QRS was noimal 

The electrocardiograms of persons with puie mitral insufficiency 
without stenosis were distinguished from those of persons with initial 
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stenosis by a normal or nearly noimal P wave Auricular fibrillation 
or auricular flutter never occuried in pure mitral insufficiency, and 
ventricular preponderance was never to the right 

Complete change from right ventricular preponderance to left ven- 
tricular preponderance and vice veisa occuired only in cases of mitral 
stenosis associated with lesions of both the tricuspid and the aortic 
valve 

A correlation of postmortem observations and electrocardiograms 
revealed that the electrocardiographic signs of ventricular preponder- 
ance, when present, indicated the anatomic relationship of the ventricles 
correctly in 89 per cent of the cases 



GASTRO-INTESTINAL MANIFESTATIONS OF 
LYMPHOGRANULOMATOSIS (HODG- 
KIN’S DISEASE) 

E DAVID SHERMAN, MD 

STiDNEY, NOVA SCOTIA, CANADA 

Since the publication of Schlagenhaufer’s work in 1913, studies of 
gastro-intestinal lymphogranulomatosis, particularly of the localized 
type, have been made from the clinical and pathologic points of view, 
and from these the basis of the present conception regarding this type 
of Hodgkin’s disease has been formed Cases of Hodgkin’s disease of 
this type wairant particular attention as the formulation of the correct 
clinical diagnosis is extremely difficult, notwithstanding the numerous 
laboiatory procedures available The diagnosis is usually made after 
operation oi at neciopsy on the basis of the histologic picture and not 
on that of the gross anatomic features, which cannot be differentiated 
from those of other pathologic conditions Two additional cases are 
here presented, and an analysis is made of the available clinical data 
legardmg seventy-three cases reported in the literature 

In 1889 Pitt described lesions in the stomach and duodenum as part 
of generalized Hodgkin’s disease Wells and Maver, in 1904, collected 
reports of a series of two hundred and thiity-eight cases of pseudo- 
leukemia from the literature In seA^en of these the changes were con- 
fined principally to the gastro-intestinal tract and consisted of marked 
hyperplasia of lymphoid tissue They reported a new case of this 
specific form and suggested the term pseudoleukaemia gastro-intestmahs 
The tendency for the disease to affect the gastro-intestinal tract alone 
caused them to present the condition “as a subdivision of the general 
group of cases that piesents the anatomical and symptom complex of 
Hodgkin’s disease ” Similar cases have been reported by other inves- 
tigators ^ 

Ziegler found that about 35 per cent of the patients with Hodgkin’s 
disease complain of gastro-intestinal disturbances He attempted a 
classification of the various types of Hodgkin’s disease, including the 
intestinal type, which he stated is rare Ewing and later Biggs and 
Elliott differentiated the conditions noted in the cases reported by 
Wells and Maver and others fiom lymphogranulomatosis and placed 

From the Department of Radiology, the service of Dr Leopold Jaches, the 
ilount Sinai Hospital, New York 

1 Symmers, Stoerk, Butterfield and Hoffmann 
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them among those under the heading pseudoleukaemia gastro-mtestmahs, 
which IS defined as hyperplasia of the lymphoid tissue in the gastro- 
intestinal tract 

Schlagenhaufer. m 1913, described a case of lymphogranulomatosis 
limited solely to the gastio-mtestinal tract, without involvement even 
of the regional lymph glands He is credited as being responsible for 
drawing attention to this type of Hodgkin’s disease 

Terplan, Sternberg, Coiomni and others have made outstanding 
contributions to the literature on this subject 

Hayden and Apfelbach have attributed the recent recognition of the 
localized type of gastro-mtestinal lymphogranulomatosis to the follow- 
ing factors first, the striking similarity m the gross pathologic changes, 
as evidenced by infiltrations or ulceiations in the gastro-mtestmal tract 
in lymphosarcoma, leukemia, pseudoleukemia and Hodgkin’s disease, 
second, the disappearance of the many designations applied to Hodgkin’s 
disease within recent years Concomitant with that there has been a 
better differentiation of the histologic picture associated with lympho- 
granulomatosis, which has resulted in a more accurate diagnosis of the 
various lymphomatoses of the gastro-mtestmal tract Terplan has 
expressed the opinion that before 1913 in many cases of gastro-mtestmal 
lymphogranulomatosis a misdiagnosis of tuberculosis of the bowel or 
lymphosarcoma was made 

ETIOLOGY 

The etiology of Hodgkin’s disease is obscure Stewart and Dobson 
have enumerated the different etiologic factors as follows (1) an 
atypical form of tuberculosis,” (2) a specific infection due to diphtheroid 
bacillus,^ (3) a neoplastic disease^ and (4) a granuloma of unknown 
etiology Wallhauser, Simonds and Barron m reviews of the literature 
on this disease have stated that the majority of the investigators have 
favored the latter view Lubarsch classified Hodgkin’s disease m an 
intermediate position between infectious granuloma and a true tumor 
Symmers, in 1924, declared that “Hodgkin’s disease does not provide 
any criteria by which it may be grouped either among the inflammatory 
diseases or among the neoplasms” and said he believed that it is an 
infection of the hemolytopoietic system 

GROSS PATHOLOGIC FEATURES 

Terplan divided cases of Hodgkin’s disease of the gastro-mtestmal 
tract into two groups, namely (1) cases in which the gastro-mtes- 
tinal tract IS exclusively involved and (2) cases m which the gastro- 
intestinal lesions are part of a generalized or disseminated disease 

2 Sternberg, Fraenkel and Lichtenstein 

3 Bunting and Yates 

4 Klemperer, Mallory, Warthin and Levin 
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The process is the same for the two types and usually starts as a 
nodular infiltration in the submucosa, which then protrudes into the 
lumen or invades the othei coats of the gastro-intestmal wall In the 
early stages of the disease isolated nodules or small tumors are present 
only in the submucosa One can distinguish (1) the ulcerating type 
of lesion, which is more common and consists of numerous ulcers and 
infiltrations of the stomach and bowel, and (2) the tumor-hke form, 
which may also be subdivided into (a) nodular infiltrations that involve 
a small segment, vaiying in size from that of a pinhead to that of a 
tangerine, and (&) a more diffuse involvement, which produces stricture 
of the bowel and is difficult to differentiate from carcinoma or sarcoma 
Cases of the latter type of lesion with intestinal obstruction have been 
reported ® Intussusception has been noted ® Steindl described a case 
of pyloric obstruction Sternberg described another type, which is 
characterized by diffuse thickening of the wall, with prominent deep 
sinuous folds of thickened mucosa or rugae, described as resembling 
the convolutions of the cerebrum 

The ulcer is irregular, with firm, elevated grayish white margins 
The base of the ulcer may be clean or covered with a granulai exudate 
No tubercles can be demonstrated in the floor of the ulcer or serosa 
The infiltration progresses from the margin of the ulcei and invades 
the adjacent tissues It usually spreads to the legional lymph nodes, 
and the mesenteric nodes are practically always involved The mesentery 
may also be diffusely infiltrated, presenting a tumor-hke mass Any 
portion of the gastro-intestmal tiact may be involved, but the sites of 
predilection are the stomach, jejunum and ileum Several parts of the 
tract are usually involved at the same time In the stomach the pylorus 
is the region most frequently infiltrated 

The ulceration in lymphogranulomatosis frequently involves the 
upper part of the gastro-intestmal tract, in contrast to the lesion in 
tuberculosis, which involves the lower segments Schlagenhaufer 
stressed this as an impoitant point in the differential diagnosis between 
the two conditions 

The ulcerating process may extend through the various coats of the 
intestinal wall, perforating into the general peritoneal cavity and result- 
ing in peritonitis Hemorrhage and severe anemia have been observed ® 

Although the principal manifestations of the disease are in the 
gastro-intestmal tract, dissemination to other organs, e g , the spleen, 
liver, pancreas or peritoneum, may take place The spleen and liver 
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are larely enlarged However, despite the absence of hepatospleno- 
megaly, in an analysis of seventy-three cases reported in the hteratuie, 
m fifty of which postmoitem examination was made, infiltrations were 
noted in the liver in eleven and in the spleen in fifteen The pancreas 
was involved in six cases and the lungs in four Lymphoganulomatous 
involvement of the esophagus, peritoneum, pleura, gallbladder, kidneys, 
thyroid, bone mairow, ovaries, submaxillary gland, pharynx or heart 
was obseived in several cases Enlargement of the superficial glands is 
infrequent ® 

The coexistence of old and active tuberculosis was noted by some 
investigators,^® the cases representing approximately 10 per cent of 
those reviewed 

Typical Hodgkin’s disease usually presents a characteristic histo- 
logic structure, on which depends its recognition as a specific disease It 
IS desciibed as a progressive diffuse granulomatous process which 
primarily involves lymphadenoid tissue The initial change is hyper- 
plasia of the lymphoid reticulum , this is followed by the formation of a 
peculiar granulation tissue containing a wide variety of cells (poly- 
morphocellular tissue), vhich replaces the normal architecture This 
tissue undergoes necrotic changes, and the process terminates with the 
formation of hyaline fibrous tissue The chief characteristic of the 
cytologic picture is the polymorphous appearance of the tissue, giving to 
it a granulomatous character The tissue is composed of varying quan- 
tities of small and large lymphocytes, reticulum cells, plasma cells, 
eosinophils, polymorphonuclear neutrophils, fibroblasts and mononuclear 
and multmuclear giant cells (described by Sternberg and Reed) In 
some instances there may be variations from the classic picture, which 
present a complex problem to the pathologist, so that histologic classifi- 
cation may be difficult 

REPORT OF A CASE 

Case 1 — S G, a 63 year old nurse, was admitted to the medical service of 
the Mount Sinai Hospital on Sept 17, 1929 She was well until several weeks 
prior to entry, when she complained of epigastric distress and heaviness after 
meals, with occasional nausea and vomiting, accompanied with constipation 

Pasl Htsioiy — ^Appendectomy was performed in 1916 and panhysterectomy for 
carcinoma of the uterus in 1927 

Physical Examination — ^The pupils were equal and regular and reacted to light 
and m accommodation Hearing was unimpaired on both sides Both drums 
were normal The breathing was unobstructed, and no abnormality was noted m 
the nose, mouth or throat The trachea ^vas in the midline and freely movable 
No masses were palpable There was no evidence of adenopathy The chest was 
symmetrical and moved freely wuth respiration The percussion note was resonant 
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Tactile and vocal fremitus were equal on the two sides Breathing was vesicular 
No rales were audible The heart was not enlarged on percussion The sounds 
were regular as to rate and rhj'thm No murmurs were heard The abdomen 
was soft and symmetrical There were two vertical scars in the lower portion 
of the abdomen, one m the midline and one to the right of the midline (results of 
former operations) No tenderness or rigidity was noted The liver and spleen 
were not palpable Neurologic examination revealed no abnormality Rectal 
examination showed no evidence of disease 

Laboratory Exammahon — A Rehfuss test meal showed achlorhydria, with a 
total acidity of 19 

Examination of the blood showed hemoglobin, 63 per cent, red blood cells, 
4,030,000, white blood cells, 10,200, polymorphonuclears, 81 per cent, eosinophils, 
2 per cent, monocytes, 12 per cent, lymphocytes, 3 per cent, and myeloblasts, 
2 per cent 

Examination of the urine revealed no abnormality 

Gastro-intestinal examination revealed a defect involving the antrum and part 
of the body of the stomach The duodenal bulb appeared regular There was a 
slight delay in gastric motility A diagnosis of a prepyloric new growth was made 

Course — ^After a two week stay in the hospital the patient was much relieved 
symptomatically Roentgen therapy was instituted She was discharged on Sep- 
tember 30 and went home to recuperate from her illness In the middle of 
December pain began to develop in the spine, with vague, generalized muscular 
pains and stiffness The pain in the spine rapidly became worse, so that the 
patient could hardly bend There was exquisite tenderness over the lumbar portion 
of the spine She returned to New York, and several days before her readmission 
to the hospital new pains developed on the adductor side of the left thigh and in 
the left popliteal region, in addition to the pain and tenderness in the back The 
patient had had no symptoms referable to the gastro-intestinal system since dis- 
charge from the hospital She complained of weakness There was no loss of 
weight <9n December 28 she was readmitted to the hospital 

Physical Exavnnation — The pupils were equal and regular and reacted actively to 
light and in accommodation The ears, nose and throat were normal The lymphatic 
system showed no glandular enlargement The chest moved freely on respiration 
There was no impairment of resonance The breathing was vesicular No rales 
were heard The heart was not enlarged, and the sounds were regular in rate, 
rhythm and volume The aortic second sound was louder than the pulmonic 
second sound The abdomen was soft No masses were palpable There was 
slight tenderness in the left upper quadrant of the abdomen The liver and spleen 
were not enlarged Tenderness on pressure was elicited over both sacro-ihac 
joints, especially on the right The motion of the thighs was not limited or 
painful Over the lateral aspect of the right fibula below the knee was a painless 
fixed hard red swelling 

Laboratory Examination — ^The blood count showed hemoglobin, 66 per cent, 
red blood cells, 3,770,000, white blood cells, 11,800, polymorphonuclears, 74 per 
cent, lymphocytes, 21 per cent, monocytes, 3 per cent, and eosinophils, 3 per cent 

Roentgen examination of the lumbosacral portion of the spine showed a moderate 
degree of spondylitis and arthritis of both sacro-iliac synchondroses and hip joints 
Examination of the legs, including the knees and ankles, showed a fairly marked 
degree of hypertrophic arthritis of the knees 

Gastro-intestinal examination showed the filling defect as previously reported 
The process appeared to be further advanced, with more invasion of the lumen 



Fig 1 (case 1) — Roentgenogram of the stomach made at the time of the 
patient’s admission to the hospital, showing the filling defect involving the antrum 
and part of the body 



Fig 2 (case 1) — ^Roentgenogram made %\hen the patient \\as readmitted three 
months later The filling defect has increased, uith apparentl} more in\asion 
of the lumen of the stomach in the region of the antrum and part of the bodj 
The lumen of the stomach presents as a narrow channel m the prepjloric region 
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of the stomach m the region of the antrum and part of the body The lumen 
of the stomach presented as a narrow channel in the prepyloric region Six hours 
after the meal a minute residue was present in the stomach The duodenal bulb 
was small and complete 

Opeiaiion — The patient was given a transfusion of blood on Jan 22, 1930, 
and an operation was performed by Dr A A Berg A mass was noted in the 
posterior wall of the stomach Partial gastrectomy with no loop posterior suture 
gastro-enterostomy was performed 

Biopsy — The specimen studied consisted of the resected portion of the stomach 
and 2 cm of the duodenum It measured 8 cm on the lesser curvature and 11 cm 
on the greater curvature Just off the lesser curvature, on the posterior wall 
near the region of the pylorus, there was felt a large, indurated resilient lesion 
surrounded by thickening of the wall The serosal surface of the greater curvature 
was studded with small millet-seed-hke bodies There were no glands on the 
greater or the lesser omentum The opened stomach revealed an irregular ulcer 
in the lesser curvature and on most of the posterior wall, which was stellate, 
with an elevated border and a sloughing base The ulcer m its greatest length 
measured 2 5 cm and in its greater breadth 1 5 cm The surrounding mucosa 
for a considerable extent gave the impression of having an undetermined sub- 
mucosal involvement The resected border seemed to be at least 2 cm beyond 
the infiltrated area 

The pathologic diagnosis was large round cell sarcoma 

Course — The patient made an uneventful recovery from the operation but 
gradually started to fail In April vomiting began, and she had marked anorexia 
and suffered from pain m the left lower quadrant of the abdomen An enlarged 
node in the left axilla was noted at this time The swelling observed previously 
over the right fibula had disappeared Despite supportive treatment the patient 
continued to fail and died on June 14 

Gross Posimoi tern Obsei-vations — Gastro-Intestinal Tract The esophagus was 
normal The remaining upper third of the stomach was dilated, and the gastro- 
jejunal opening was patent There were no ulcerations, but the wall of the 
stomach was indurated and firm, especially in the rugae, which stood up promi- 
nently The induration extended radially from the gastrojejunal opening onto the 
anterior and posterior surfaces of the stomach, straddling /the lesser curvature 
The induration lessened toward the cardia The jejunum at the point of anastomosis 
also was indurated, but to a lesser extent The perigastric fat and lymph nodes 
were infiltrated by pearly white tissue, which was firm and from which no fluid 
could be expressed The infiltrating tissue extended along the chain of lymph 
nodes on the superior and anterior surfaces of the body of the pancreas to the 
head but not quite to the tail The duodenum was normal The duodenal stump 
was closed and buried in adhesions The ileum, colon and rectum were normal 

Uterus and Adnexa The uterus and adnexa were not present The cervix 
could not be found The space between the rectum and the bladder was obliterated 
by adhesions 

Liver The liver was normal in size and shape but somewhat firmer than 
normal On section the central lobular areas were congested The rest of the 
liver appeared somewhat fatty A few scattered nodules the size of a pea were 
noted in the left lobe of the liver They were round, pearly white, firm and 
distinctly demarcated from the rest of the hepatic tissue In one area a surface 
nodule on the edge of the liver was contiguous with the infiltration in the gastro- 
hepatic omentum 
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Pancreas The pancreas appeared normal The penpancreatic nodes were 
involved by tumor tissue 

Other Organs The lungs, heart, spleen, kidneys, bladder, ureters and adrenal 
glands showed no gross pathologic changes 

Mtctoscoptc Postmortem Obseivahons — Stomach Infiltration by tumor tissue 
into the jejunum was noted across the line of anastomosis There was a distinct 
change toward a more polymorphous cellular infiltration, with many giant cells, 
plasma cells, lymphocytes and eosinophilic polymorphonuclears, resembling a 
Hodgkin granuloma The infiltration extended into the muscularis Many cells 
with hyaline degeneration and a signet ring appearance were seen 

Liver Edema and congestion were noted, with granular degeneration and 
large fatty vacuolation of the hepatic cells Many small infiltrations had destroyed 
the hepatic structure, producing a picture resembling that of Hodgkin’s granuloma 
Lymph Nodes The structure of the lymph nodes was destroyed and replaced 
by Hodgkin’s lymphogranuloma There were areas of necrosis and fibrosis 

Heart The heart showed degeneration of the muscle fibers A few scattered 
areas of fibrosis were present 

Lungs Some foci of bronchopneumonia alternating with areas of emphysema 
and edema were noted 

Kidneys The kidneys showed evidence of degeneration 
Other Organs The spleen, pancreas, small and large intestines, adrenal glands, 
bladder and ureters were normal 

Comment — The typical picture of Hodgkin’s lymphogranuloma of the stomach, 
perigastric lymph nodes and liver noted post mortem necessitated a review of the 
original surgical specimen The infiltration in this specimen was strictly limited 
to the submucosa and did not invade the muscularis The infiltration consisted of 
large mononuclear cells, each with a conspicuous large pale nucleus and a sharply 
outlined red nucleolus, small dark nucleated cells (resembling lymphocytes) of 
various sizes and many polymorphonuclear cells, among which were many 
eosinophils, and abundant mitotic figures At the edges of the infiltration was 
noted arrangement of these cells in smaller and larger nodules Occasional multi- 
nucleated cells with darker stained nuclei Avere seen 

A consideration of the following factors would have permitted a diagnosis of 
Hodgkin’s disease rather than round cell sarcoma from the specimen removed 
for biopsy four months before (1) the limitation of the infiltrated cells in the 
submucosa and (2) the polymorphism of the cell types 

Diagnosis — ^The diagnosis was lymphogranulomatosis of the stomach, with 
infiltration of the gastrohepatic omentum, the perigastric and penpancreatic lymph 
nodes and the liver The status was typical of that following partial gastrectomy, 
with degeneration of the heart, liver and kidneys, and of that following panhys- 
terectomj>- for carcinoma of the uterus and appendectomy 


COMMENT 

Stemdl, m 1924, leported the first case of lympliogianuloma local- 
ized to the stomach in which opeiation tvas successful The clinical 
diagnosis was carcinoma of the stomach Operation levealed an infil- 
trating tumoi of the pyloiic and prep 3 doiic regions, with involvement of 
the glands in the lesser cuivatuie and gastrocolic omentum No evi- 
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dence ot lymphogranulomatosis was noted m the othei abdominal 
oigans Gastric lesection was pei formed The patient was well one 
yeai aftei operation 

Repoits of the following cases have been obtained from the litera- 
ture 

1 Similai cases m which operation was successful 

2 Isolated lymph ogianulomatous lesions of the stomach, estab- 
lished by postmortem examination Singer stated that extreme caution 
must be exercised in deciding that gastro-mtestmal lymphogranulomato- 
sis is strictly isolated The fallacy of surgical procedure must be 
appreciated, as the surgeon may oveilook lesions in organs that are 
inaccessible oi lesions that are minute One of Vasiliu’s patients died 
shortly after gastric resection Autopsy revealed a small infiltration in 
the spleen In this case operation had disclosed only a mass in the 
stomach, with no evidence of disease elsewhere The postmortem 
examination showed small infiltrations in the hvei 

3 Cases of lymphogranulomatosis of the stomach with abdominal 
involvement 

4 The piesence of coincident and limited involvement of the 
stomach and bowel 

REPORT OF A CASE 

Case 2 — I S , a 36 year old woman, was admitted to the medical service of 
the Mount Sinai Hospital on Dec 27, 1934 She was well until one year before 
entry, when she complained of pam in the umbilical region which came on from 
one-half to two hours after meals and was associated with nausea The pain was 
pressing and did not radiate It was relieved by induced vomiting but not by 
food or alkali 

Past Htstoiv — Ten months before admission to the hospital the patient was 
prescribed a Sippy diet and rest in bed, which relieved the pam At this time 
she was sent to another hospital, where she remained for three w’eeks, with the 
continuation of the Sippy diet and rest A gastro-mtestmal examination revealed 
no abnormality Two weeks after discharge from the hospital she began to 
experience epigastric pam that was unrelated to meals and w'as initiated by 
nervousness and anger The pam was burning in character and unrelieved by the 
Sippy diet 

Four months before admission to the Mount Smai Hospital she entered another 
hospital, where complete examination of the gastro-mtestmal tract failed to reveal 
any abnormality She was given a blood transfusion and placed on a rich diet, 
which seemed to increase her appetite and relieve the epigastric pam During 
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her staj in the hospital pain cle\ eloped in the left lower quadrant of the abdomen, 
coming on two or three hours after meals and being associated with abdominal 
distention and inability to pass gas or feces She received daily enemas and colonic 
irrigations, which relieved the distention 

On admission to the Mount Sinai Hospital her chief complaints were the 
epigastric pain associated with ner\ousness and the colicky pain in the left lower 
quadrant of the abdomen She stated that she had never noticed tarry or bloody 
stools, diarrhea or bouts of fe\er During the past year she had become pro- 
gressive!}" weaker and had lost 23 pounds (10 5 Kg) 

For tw’O years she experienced dyspnea and palpitation after climbing two 
flights of stairs, but for three or four months prior to the present admission 
to the hospital she had these SMuptoms even wdiile at rest No pain in the chest, 
cough or edema w"as noted The patient claimed that she had not observed any 
tremors or enlargement of the neck 

The menses W'ere regular until nine months before the patient entered the 
hospital Since then there had been two periods, the last one occurring six months 
before entr} Each of these periods lasted for three days, in contrast to the usual 
duration of fi^e or six days She denied the possibility of pregnancy 

Bilateral mastoidectomy was performed tw'enty-six years before the present 
admission to the hospital 

Physical Eiainvwlioii — The patient appeared pale and emaciated Scars of 
the prcMOUs bilateral mastoidectomy weie noted, with an open sinus, 4 mm w'lde, 
on the right side The right ear drum show-ed no landmarks, and the membrane 
w'as opaque and gray The left car drum show'cd a light reflex but was distorted 
There was no discharge Examination of the chest revealed no abnormality 
The breasts w’eie atrophied A papillomatous wartlike growth w^as noted in the 
right nipple The heart was not enlarged The first sound was loud and snapping 
It W"as preceded b} a faint presystolic rumble, wdiich w'as brought out best with 
exercise and wnth the patient in the left lateral recumbent position The pulmonic 
second sound w'as louder than the aortic second sound The rhythm was regular 
The blood pressure w'as SS systolic and 58 diastolic There w"as definite clubbing 
of the fingers The abdomen w"as uniformly distended There w'as generalized 
tenderness, which was maximal in the epigastrium and on the left side of the 
abdomen There W"as ^oluntary spasm in the upper portion of the abdomen and 
along the entire left rectus muscle No masses w'ere palpable There w'as no evi- 
dence of ascites The livei and spleen w'cre not palpable 

Diagnosis — The diagnosis made by the house physician at the time of the 
patient’s entry was (1) chronic cardiovascular disease with mitral stenosis and 
(2) tuberculous peritonitis 

Laboiatoiy E'laniiiiatioii — The blood count show'ed hemoglobin, 43 per cent, 
red blood cells, 2,610,000, wdnte blood cells, 6,100, polymorphonuclears, 84 per 
cent, lymphocytes, 8 per cent, monoc}tes, 5 per cent, and eosinophils, 3 per cent 
The sedimentation time w'as thirteen minutes Chemical analysis of the blood 
show'ed amylase, less than 1 mg , calcium, 8 3 mg per hundred cubic centimeters , 
phosphorus, 4 2 mg , and total proteins, 4 8 mg The icteric index w'as 4 

The urine W'as normal Analysis of the gastric contents after a Rehfuss test 
meal show'ed total acidity 52 and free acid 30 The Wassermann reaction w'as 
negative 

The stool showed a positne reaction to guaiac Examination after the addition 
of antiformin showed no tubercle bacilli Sigmoidoscopy showed some tiny pitted 
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areas suggestive of healed ulcers Specimens from these ulcers taken for biopsy 
showed no significant change 

The Mantoux test showed a positive reaction 

Fluoroscopy of the heart revealed prominence of the pulmonary conus but no 
definite enlargement 

Gynecologic examination disclosed no abnormality 

A gastro-intestinal study on Jan 2, 1935, revealed no abnormality of the 
stomach and duodenal bulb Examination of the small bowel two, four, six and 
eight hours after eating showed the outline to be irregular There were irregular 
dilatations and constrictions which were not constant as to location Reexamina- 
tion was advised On January 9 reexamination of the gastro-intestinal tract with 
special reference to the small bowel again showed evidence of irregular constric- 
tions and dilatations of the small bowel, with delayed motility At least two of 
these constrictions were constantly demonstrated The roentgen findings suggested 
the possibility of tuberculous peritonitis or of a malignant growth A barium 
sulfate enema showed marked irregular spasms in the cecum, the ascending colon 
and the proximal portion of the transverse colon 

Roentgenograms of the chest on several occasions revealed no abnormality 
While in the hospital the patient had sudden attacks of tachycardia, the electro- 
cardiogram showed evidence of supraventricular tachycardia 

Abdominal puncture was performed, a small amount of fluid was obtained, 
which revealed an occasional polymorphonuclear or mononuclear cell but no 
tubercle bacilli 

At this time it was decided that exploratory laparotomy was indicated, to be 
preceded by another gastro-intestinal examination Meanwhile the patient con- 
tinued to fail in spite of a high caloric diet and vitamin and liver therapy Edema 
of the legs appeared, and the total protein content of the blood continued to be low 

The third gastro-intestinal examination showed the stomach and duodenum to 
be normal Observations were made two, four, six, eight and ten hours after 
eating, in order to study the small intestine On all the films the distal portion of 
the jejunum and perhaps the beginning jiortion of the ileum showed areas of con- 
striction and dilatation The margins of this portion of the bowel appeared irregu- 
lar and fuzzy At the ten hour examination delayed motility of the small bowel 
was noted The findings were considered as those seen in nonspecific ulcerating 
enteritis 

Course — Shortly thereafter profuse diaphoresis developed, and the patient went 
into a stupor The hemoglobin value was 40 per cent at this time A transfusion 
of 500 cc of citrated blood was given, and the patient responded somewhat How- 
ever, she went into a stupor again, and catatonic phenomena developed This was 
felt to be due to a toxic exhaustive state She continued to be in a stupor and 
there were signs of fluid at the base of the left lung, with marked edema of the 
ankles, legs and conjunctivae Despite all supportive treatment the patient died on 
February 24 During her stay in the hospital the temperature was elevated 

Gross Postmortem Examination — ^Abdomen The abdomen was moderately 
distended The anterior wall was markedly edematous The peritoneum was 
smooth and glistening The greater omentum was adherent to a proximal jejunal 
loop In the pelvis there were several hundred cubic centimeters of free colorless, 
somewhat turbid fluid, smears of which showed occasional lymphocytes At the 
root of the mesentery a firm mass could be felt, which was irregularly outlined and 
measured 4 by 7 cm in diameter 
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Chest In the right pleural cavity there was a moderate amount of clear amber 
fluid The left pleural cavity contained a moderate amount of whitish, turbid fluid, 
smears of which showed many polymorphonuclear leukocytes , no bacteria were 
seen There were diffuse rather loose fibrous adhesions over the apex of the right 
lung posteriorly 

Heart The heart weighed 225 Gm The pericardial sac contained a moderately 
increased amount of clear amber fluid The parietal pericardium showed firm 
fibrous adhesions to the epicardium along the anterior interventricular groove and 
over the apex anteriorly The myocardium was firm and red The right auricle 
showed no change The tricuspid valve was diffusely and moderately opaque and 
thickened, the anterior and septal leaflets were fused for a distance of about 1 cm 
Along the closure line a narrow row of fine translucent and somewhat firm verrucae 
could be seen In the right ventricle the trabeculae corneae were slightly prominent 
and flattened The left auricle was moderately widened and showed a moderate 
diffuse opaque thickening of the endocardium, the auricular wall was definitely 
thickened The mitral valve presented marked diffuse thickening and was opaque 
The leaflets were rigid A shelf was formed by the rolling of the free edge 
beneath which the chordae tendineae inserted These were moderately to mark- 
edly thickened and shortened and were fused, especiallj' near their insertions into 
the valve Along the line of closure the mitral vahe presented a row of slightly 
firm translucent verrucous excrescences, which measured up to 0 5 mm in diameter 
The left ventricle was slightly dilated and hypertrophied, and the apex was rounded 
The aortic leaflets presented slight granulation of the surface on the ventricular 
aspect in the area between the closure line and the free edge The coronary 
arteries were patent throughout and showed slight yellow intimal flecking The 
orifice of the right coronary artery was narrow The aorta was elastic and showed 
little yellow intimal flecking in the abdominal portion 

Lungs The lungs weighed 820 Gm Except for the apex of the right lung 
posteriorly, the surface was smooth, glistening and gray, with a tinge of purple 
The lungs were subcrepitant throughout A moderate amount of clear, somewhat 
frothy fluid flowed on pressure In the lower lobe of the left lung posterosuperiorlv 
a calcified nodule, 2 mm in diameter, was present The bronchi show'ed no changes 
The mam pulmonary trunk was occluded by a moderately soft dark red blooa 
clot, which continued into the larger and medium-sized branches The pulmonary 
veins showed no changes 

Thyroid There was a cyst, 0 5 cm m diameter, in the lower pole of the left 
lobe 

Adrenals The adrenal glands showed no changes grossh 
Spleen The spleen w'eighed 75 Gm The capsule was smooth The cut 
surface w'as firm, flat and moist The pulp was red, the lymphatic follicles and 
trabecular tissue could be recognized An accessory spleen, 1 2 cm in diameter, 
W'as present m the gastrosplemc ligament and show'ed the same structure 

Liver The liver was large, weighing 1,490 Gm The surface was smooth, 
and the consistency was somewhat flabbj On section the surface w’as brownish 
yellow Irregularly scattered throughout the liver were many moderately defined 
yellow areas from 1 to 3 mm in diameter 

Pancreas The pancreas was firm and yellowish grav^ and presented a normal 
lobular structure Around the pancreas and the portal area several moderately 
firm lymph nodes were present, measuring up to 1 5 cm m diameter On section 
they showed a moist homogeneous reddish gray surface 

Gastro-Intestinal Tract The esophagus showed no changes The stomach 
was markedly distended and contained several hundred cubic centimeters of 
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greenish gray turbid fluid In the wall of the stomach a firm nodule the size of a 
pinhead could be felt The gastric mucosa was covered with thick grayish mucous 
material The duodenal mucosa was bile stained The duodenum and the upper 
portion of the jejunum were not distended About 30 cm below the ligament of 
Treitz the jejunum showed normal brownish gray mucosal folds and had a cir- 
cumference of about 8 S cm One of these folds was prominent and firm and could 
not be lifted up from the intestinal wall On section this fold contained a 
homogeneous grayish white, firm infiltration, which grossly could not be distin- 
guished or separated from the serosal membrane The infiltrated fold was fol- 
lowed by an area, about 2 cm long, of poorly defined firm, flat elevations, from 
0 S to 1 cm in diameter, and presented a greenish discoloration Beyond this 
area the jejunal wall was moderatelj^ and diffusely thickened throughout and m 
addition presented firm elevated areas, which sometimes could be recognized as 
distended and infiltrated mucosal folds and which in some instances showed small 
firm papillomatous excrescences At this site the serosal membrane was reddish 
blue, with distinct vascular injection Small firm whitish nodules, apparently sub- 
serosal, from 1 to 3 mm in diameter, were prominent at the serosal aspect The 
greater omentum was adherent to this area The omental adhesions contained a 
firm lymph node, 1 by 0 S cm in diameter, which on section presented an irregular 
and intensely congested periphery, the center being formed by a firm homogeneous 
white nodule with flat cut surface, it was sharply defined from the congested area, 
except in one small zone In the distal part of these regions the distentions of 
the mucosal folds were thin and narrow, they stood about 2 or 3 mm apart from 
each other The mucosal surface was slightly granular In this area the serosa 
showed no obvious changes The adjacent area, which was about 3 cm long, 
showed the intestinal wall to be thinned and bulging, especially m one area, which 
was 2 cm long and 3 cm wide, and presented an ulcerated mucosal surface with 
serpiginous elevated edges The base of this zone showed flattened and widened 
intestinal folds with a reddish gray dull granular mucosa, which presented small 
shallow oval erosions with a firm gray base or larger and deeper ulcers, which 
included the muscular layer and had a firm raised serpiginous border and an 
irregularly infiltrated base 

Distallj’- the intestinal wall became gradually thicker and firmer The ulcera- 
tions became deeper, their edges steeper and the nonulcerated surface more and 
more even This zone was 3 cm long and gradually led to an area of marked 
narrowing of the lumen, which showed a length of 2 cm , its isthmus showing a 
circumference of 3 cm At this site the wall was 3 mm thick and on cross-section 
showed a homogeneous grayish white surface The mucosal surface in this MCinity 
was practically flat and showed slight granulation in some areas Distally, in a 
zone 4 cm long, the intestinal wall again was thinned and bulged outwardlj 
After 2 cm it regained a lumen of normal width, which again, toward the end of 
this zone, ran out into a narrowed portion of the j ej unum, 3 5 cm in diameter, 
containing deep punched-out ulcerations with a steep edge and a flat base There 
were also areas where the intestinal wall was thickened and showed superficial 
and irregular ulcerations as well as broad flat folds After 4 cm of firm, 
moderate^ distended, rather regular intestinal folds, the lumen gradually reached 
a normal width, with a grossly normal mucosal membrane for a length of 7 cm , 
while the serosa in the former areas showed the same changes as described for the 
site of the omental adhesions Here the serosa for the first time shoved no gross 
change Then again an area of diffuse infiltration, with eleiation and distention 
of the folds, was encountered, which vas 5 cm long and led to a stricture that was 
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3 S cm wide and 1 5 cm long Beyond this stricture, which gave the same picture 
as that previously mentioned, the lumen and intestinal wall regained a normal 
appearance 

At the root of the mesentery was an area measuring about 4 by 7 cm The 
lymph nodes measured up to 1 S by 2 cm They were firm, and their capsules 
were fused The larger part of the cut surface of the nodes showed a moderately 
firm flat, homogeneously white area, which in most instances was sharply defined 
The remainder of the cut surface of these lymph nodes was grayish red, with 
small irregular red spots Other lymph nodes, which were somewhat firmer, 
showed a slightly bulging gray and slightly congested cut surface, with little 
irregularity and indistinctly outlined white areas 1 by 2 mm in diameter 

Genito-Urinary Tract The kidneys were of equal size and together weighed 
22 Gm The surfaces were congested and smooth, except for several irregular 
shallow linear markedly congested depressions, which were present especially at 
the convexity of the kidney The capsules stripped easily The cut surface was 
markedly congested and showed distinct corticomedullary demarcation The pelves, 
ureters and bladder showed no changes 

The uterus, fallopian tubes and ovaries showed no changes grossly 
Brain The calvarium was normal The dura was normal and stripped easily 
The meninges were thin and transparent throughout The sulci, particularly in 
both frontal lobes^ were widened and deepened, and there was moderate convolu- 
tional atrophy over the frontal lobes There was slight congestion of the vessels 
over the convexity 

Macioscopic Postmortem Exammation — Brain There were degenerative 
changes in many nerve cells and some distoition of the cortical lamellations 
Small foci of rarefaction and softening were seen There was a glial reaction in 
the form of subcortical gliosis Many vessels possessed thickened walls and 
showed proliferation of the endothelium 

Jejunum (o) On the edge proximal to the lesion the mucosal membrane 
showed moderate plasma cell and lymphocytic infiltration, with occasional poly- 
morphonuclear leukocytes There was slight capillary congestion The submucosal 
and muscular layers showed no change Suddenly the submucosal and muscular 
layers were seen to be infiltrated, and their structure was obliterated by granula- 
tion tissue Shortly afterward the mucosal membrane became involved At the 
site of the first infiltrated intestinal fold the entire wall, except for the serosa and 
subserosa, was involved, only single islands of mucosal epithelium, fragments of 
muscular fibers and single muscular nuclei could be recognized The infiltration 
consisted of lymphocytes and cells with long oval or rod-shaped nuclei containing 
finely dispersed granulai chromatin and surrounded with slightly eosinophilic 
homogeneous protoplasm (histiocytes) , plasma cells were present 

There were seen numerous scattered polynucleated and mononucleated giant 
cells with central, polymorphous and overlapping nuclei and sparse basophilic 
protoplasm At one point the mucosa was denuded The surface was covered by 
amorphous blue-staimng material beneath which were many pyknotic nuclei and 
a narrow zone of leukocytic infiltration Beyond the first infiltrated fold the 
intestinal wall became much thinner, and its structure could not be recognized 
The external part of the wall consisted largely of collagenous tissue, which was 
well vascularized and contained long, thin, spindle-shaped cells, round cells and 
reticulum cells There were occasional pol 3 morphonuclear leukocytes and plasma 
cells 

(&) Section through the wall of the first stnctured area showed the muscular 
layer to be well preserved Only in some areas did the cellular granulation tissue 
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dip between the muscular bundles of the circular lajer The submucosal layer 
was infiltrated by granulation tissue, there were large areas of necrosis, which 
tended to become surrounded by collagenous fibers The musculans mucosa, 
though infiltrated and interrupted in places, could be recognized In the mucosal 
area mucosal cells could not be made out, there was capillary granulation, which 
showed slight compression of the surface In the adjacent ulcerative area the 
mucosal, submucosal and circular muscular layers were wanting The base of the 
ulceration was formed b}"^ a somewhat hyalimzed and vacuolated muscular tissue 
which contained pyknotic nuclei The remainder of the thin wall was formed by 
cellular granulation tissue 

(c) Section through the thin area showed stretched-out intestinal mucosa with 
a moderate diffuse infiltration of lymphocytes, eosinophilic leukocytes and plasma 
cells 

Section through the first nodular area showed the entire wall involved by the 
granulation tissue, there were large necrotic areas in which giant cells were 
obvious In places the granulation tissue was continuous with the adherent greater 
omentum 

Section through the area of adherent and normal folds distal to the second 
stricture showed that in the adherent folds the mucosal and submucosal areas were 
involved to a moderate degree The musculans mucosa and in places the mucosal 
cr3'pts could be recognized In certain areas the granulation tissue was con- 
tinuous with the interstitium of the circular muscular layer In places the muscular 
bundles of the longitudinal muscular la3'^ers were separated by narrow strands of 
granulation tissue The peritoneum showed moderate fibrotic thickening The 
adjacent area presented normal jejunal folds the mucosal membrane of which 
showed diffuse lymphocytic and plasma cell infiltration and several eosinophilic 
leukocytes 

Lymph Nodes In the lymph nodes of the mesenteric root the lymphatic 
structure was obscured The nodes showed granulation tissue with wide areas 
of caseation The entire lymph node of the adherent greater omentum was involved, 
showing a large central area of caseation No capsule could be made out The 
peritoneal fat tissue showed interstitial round cell infiltration and infiltration with 
granulation tissue In the portal lymph nodes the sinuses were wide and filled 
with polymorphonuclear leukocytes One lymph node showed much fat tissue and 
congestion 

Cardiovascular System The auricular endocardium showed diffuse fibro- 
elastic thickening The mitral valve showed irregular fibrous thickening This 
fibrous tissue as well as the auricular subendocardium contained blood vessels 
The valve contained many fibroblasts and fibrocytes, which were increased in 
areas , in some places there were a few lymphocytes 

The ventricular endocardium showed no change There was slight ventricular 
interstitial focal fibrosis The tricuspid valve showed diffuse fibrosis There were 
several capillaries in the valve The aortic vahe also showed moderate fibrous 
thickening 

Lungs The pleura of the upper lobe of the left lung showed no changes 
There was diffuse congestion, and a large number of polymorphonuclear leuko- 
cytes were present m the alveolar walls throughout the section The lower lobe 
of the left lung showed emphysema, congestion and edema The pulmonarj' 
arteries were filled with blood clot, in places their walls showed slight poly- 
morphonuclear and round cell infiltration In a few small areas the alveoli were 
filled with polymorphonuclear leukocytes 

Adrenal Glands The adrenal glands showed no change 
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Spleen The pulp was irregularly congested and contained many polymorpho 
nuclear leukocytes and a moderate number of round cells 

Liver The portal fields showed slight round cell infiltration The hepatic 
cells were indistinctly outlined and small, and the protoplasm was cloudy and 
granular The cells contained large droplets of fat 

Stomach Section through the small intramural nodule showed a myoma at 
the edge of the submucosal and muscular layer 

Kidney The capsule was thin, and the surface showed shallow depressions 
There was diffuse moderate congestion, more marked in the medulla 

Urinary Bladder There was slight diffuse infiltration in the submucosa by 
round and polymorphonuclear cells 

Ovaries Section of the ovaries showed no change 

Comment — The diagnoses entertained both clinically and roentgenologically 
rested between tuberculous peritonitis, lymphosarcoma and nonspecific granulom- 
atous enteritis Even after all diagnostic aids had been exhausted and carefully 
studied a definite diagnosis could not be formulated It was therefore felt that 
exploratory laparotomy was strongly indicated from the diagnostic and therapeutic 
standpoints However, the patient’s condition became rapidly worse, and death 
ensued shortly 

Diagnosis — ^The diagnosis was as follows granuloma of the jejunum 
(Hodgkin’s) with caseating mesenteric lymph nodes, rheumatic heart disease, 
mitral and tricuspid stenosis , adherent pericarditis , subacute verrucous endocar- 
ditis of the tricuspid, mitral and aortic valves , hypertrophy and dilatation 
(marked) of the left auricle, dilatation and hypertrophy (slight) of the right 
side of the heart , massive embolization of the pulmonary arteries , pulmonary con- 
gestion and edema, bilateral pleural effusion (3 ounces [90 cc ]) , ascites (5 ounces 
[ISO cc]) , chronic congestion of the spleen, kidneys, lungs and pancreas, fatty 
changes in the liver, adenoma of the thyroid gland, with cystic degeneration, and 
endarteritis of the cerebral vessels, with cerebral atrophy and multiple areas of 
encephalomalacia 

REVIEW OF DATA 

Type of Lesion — Primary isolated lymphogranuloma of the small 
intestine is rare Fischer, in 1913, is credited with being the first to 
describe this condition 

Catsaras and Geoigantas described a case in which a clinical diag- 
nosis of intestinal obstruction had been made and in which the condition 
was found to be due to a large nodule in the ileocecal region Histologic 
examination of the specimen pointed to a diagnosis of lymphogranulom- 
atosis The patient died several months later, but pei mission for post- 
mortem examination was not obtained 

Several cases in which isolated lymphogianulomatous lesions of the 
bowel were discovered at operation and successfully resected have been 
described , m others the lesion was discovered at necropsy 

In the cases in which operation was performed (including cases in 
which the patients were alive at the time of publication of the articles 

15 de Groot, Biebl, Sussig, Heilmann, Pamperl and Terplan and Pissarewa 

16 Wablgren, Goedel, Hanneborg, Wald and Sussig 
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and those cases in which the patients died after surgical inteivention 
without postmortem examination ^‘) the lesions cannot be strictly clas- 
sified as isolated, because the extent of the disease was determined only 
by laparotomy, which does not include a detailed pathologic exami- 
nation 

Diffuse involvement of the small bowel, with no evidence of disease 
elsewhere, was observed b)^ several investigators In the case reported 
on by Sussig only the large and small intestines weie involved 

Incidence — In an analysis of seventj^-five cases of gastro-intestmal 
lymphogranulomatosis leported in the literature and the present two 
cases it was found that over 50 per cent of the cases occurred m patients 
between the ages of 40 and 60, 10 per cent in patients between the ages 
of 60 and 70 and the remainder m patients of other age periods The 
largest individual group of patients were between 50 and 60 yeais old 
Men formed the majorit}'' of the patients, in a ratio of almost two 
to one 

Histoiy and Symptoms — With the gastiic type of lesion the chief 
symptoms were epigastric pain and distress of A^arymg seventy aftei 
meals, vomiting and nausea, eructations of gas, weakness and loss of 
appetite and weight There might be hematemesis and melena The 
duiation of symptoms varied fiom a shoit time to several years with 
remissions In the case of gastric involvement repoited heie the duia- 
tion was of several weeks only 

Physical examination usually revealed no abnormality, except foi 
occasional emaciation A palpable mass was uncommon but was 
observed in some cases No mass was observed m our patient The 
liver and spleen usually were not palpable Supeificial glandulai 
enlargement was mfiequent 

Achlorhydria is not a constant finding but was present m oui patient 
and in others 

The diagnosis usually made was caicmoma or ulcer of the stomach 
The former diagnosis was made more frequent!} 

The intestinal type of lesion was characterized by the following 
symptoms increased malaise, weakness, loss of weight, loss of appetite 
and the predominance of abdominal symptoms, namely, abdominal pain, 
meteorism, diairhea, constipation oi alternating diairhea and constipa- 
tion Melena was not common 

17 Rmgdal, Wahlgren and Catsaras and Georgantas 

18 Eberstadt, Partsch and Oglobina 

19 Terplan, Hayden and Apfelbach, von Redwitz, David and Tschilov 

20 Scott and Forman, de Groot, Novotny, Sussig, Hajden and Apfelbach, 
von Redwitz and Kop stein 
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Physical examination sometimes revealed a palpable resistance or 
a mass in the abdomen Irregular bouts of fever were occasionally 
present 

Examination of the blood frequently showed secondary anemia, with 
polymorphonucleosis and leukopenia In some cases there was slight 
eosinophiha In the cases reported on by Wald and Hanneborg there 
was marked eosinophiha Tschilow noted monocytosis in his case 

The symptoms with the intestinal type of lesion appeared in two 
foims (1) the inflammatory symptoms — the diagnosis usually being 
tuberculous enteiocohtis — and (2) the obstructive symptoms — ^the diag- 
nosis commonly being carcinoma 

Complications, such as hemorrhage, intussusception and perforation, 
have already been desci ibed Ascites was noted in some cases Coronini 
observed jaundice in a case of gastrolymphogranulomatosis, which on 
postmortem examination was observed to be due to enlaigement of the 
legional glands at the poita hepatis 

Roentgen Aspect — The roentgen appearance in the gastric type 
of lesion, as observed by Holmes, Dresser and Camp, did not differ 
from that of carcinoma, except that in some cases peristalsis was not 
interfered with to the extent generally seen in caicinoma The diag- 
nosis based on the roentgen findings was carcinoma of the stomach in 
five cases and lymphoblastoma in one case (m which biopsy was per- 
formed) 

Kaznelson, in 1924, described a case in which pyloric stenosis and 
niche formation were noted and m which a diagnosis of gastric ulcer, pos- 
sibly malignant, was made He stated on review of the case after post- 
moitem examination that increase of a gastric niche, with fever, malaise 
and diarrhea, should suggest the presence of lymphogranulomatosis not 
only of the stomach but of the intestine as well 

Junghagen described two types in which lymphogranulomatosis 
occurred in the stomach, first, as a manifestation of the generalized 
form of Hodgkin’s disease and, second, as a localized form of the dis- 
ease, the so-called neoplastic type In the first type the roentgen find- 
ings were similar to those of ulcer The ulcer usually enlarged and 
aroused the suspicion of malignancy In the second type the process 
was generally localized to the pyloric canal and caused stenosis of the 
lumen The author pointed out, however, that when the muscular 
layer had been infiltrated only partially by the lymphogranulomatous 
tissue to produce a filling defect, definite peristaltic waves were noted 
passing over the region of the lesion In other respects the roentgen 
appearance conformed to that of carcinoma 

21 Weinberg, Coronini and Sussig 
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Ruggles and Stone claimed that there is no type of lesion or legion 
of involvement characteristic of the disease and that therefore theie is 
no characteristic picture When gastric peiistalsis persists and there is 
a lesion of the stomach, this lesion is most likely to be a lymphoblastoma 
In the majority of cases the roentgen diagnosis was carcinoma of the 
stomach, and m a few instances, ulcer The pylorus was the region 
frequently involved 

Review of the literature shows that the loentgen findings in the 
intestinal type of Hodgkin’s disease are meager Theie is apparent!} 
no specific form of loentgen diagnosis The clinical pictuie is one 
usually of enteritis or obstruction of the bowel In the second case 
leported heie the roentgenograms showed iriegular constrictions and 
dilatations of the small bowel, which were inteipieted as due to non- 
specific ulceiative enteritis, but these findings weie no different fiom 
those usually observed in cases of tubeiculous peiitonitis oi intestinal 
malignant growth 

In a review of the lecords of the Mount Sinai Hospital three cases 
were found which might be interpreted as instances of localized gastro- 
intestinal Hodgkin’s disease, the lepoits are not given heie in detail 
because complete examinations weie not made 

Treatment — Holmes, Dresser and Camp have shown the stiikmg 
effects of roentgen therapy on lymphoblastomas They lecoided the 
case of a woman aged 64 who had been leceiving loentgen treatment 
for enlarged peripheial glands which had pioved on biopsy to contain 
a malignant lymphoma Latei, gastric symptoms developed A gastio- 
intestinal examination re^ealed a filling defect involving the lowei thud 
of the stomach The patient received a course of loentgen ladiation 
Two months later roentgen examination of the stomach showed that 
the filling defect had maikedly diminished in size and that peristaltic 
waves passed over without interruption Ruggles and Stone stiongly 
advised roentgen therapy for lymphoblastoma 

Sussig, Singer and other writers have advocated suigical resection 
combined with loentgen theiapy for localized lymphogianulomatous 
lesions of the gastro-intestmal tiact Vasiliu, Stemdl, Froboese and 
others, as pointed out early in this papei, have reported on patients who 
underwent resection of the lesions successfully and who were alive fiom 
several months to several years after operation When the lesions are 
inoperable or suigical intervention is contraindicated, roentgen therap} 
IS advocated for the amelioration of symptoms and prolongation of life 

SUMMARY 

Two cases of gastro-intestinal lymphogranulomatosis are reported 
A review of seventy-three reports of cases selected fiom the litera- 
ture has been made to evaluate the various manifestations of the disease 



80 


ARCHIVES OF INTERNAL MEDICINE 


The disease usually simulates one of four mam clinical entities 
(o) gastric carcinoma, (&) gastiic ulcer, (c) enterocolitis oi {d) 
obstruction of the bowel 

There are no specific roentgen findings typical of the condition 
The chaiactenstics of generalized Hodgkin’s disease, for example 
superficial glandular enlaigement, enlargement of the liver and spleen 
and hematologic changes, are usually absent 

The diagnosis is established after operation or at necropsy, rarely 
by biopsy The micioscopic changes may at times be difficult to dififer- 
entiate from those of lymphosarcoma 

327 Charlotte Street 
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IMMEDIATE EFFECT OF TINCTURE OF DIGITALIS 
ON EMPTYING TIME OF HUMAN STOMACH 


EDWARD J VAN LIERE, MD, PhD 

AND 

CLARK K SLEETH, BS 

MORGANTOWN^ W VA 

It has been suggested by various authois that digitalis causes an 
increase in gastric and intestinal motility In the volume by Me 3 '’ei and 
Gottlieb ^ entitled “Expei imental Pharmacology,” work (which was 
done m 1906) is lepoited on to the effect that digitalis glucosides 
influence gastric and intestinal peristalsis V ail ^ by means of the 
roentgen lay obseived that digitalis inci eased gastric motility Cloetta® 
stated that digitalis causes an increased gastric secretion Since Helle- 
biandt^ has shown that gastiic secietion and motility lun parallel (at 
least dm mg fasting), the observation of Cloetta is significant A lather 
careful leview of the literature, however, has failed to disclose any 
well conti oiled experiments which conclusively demonstrated that digi- 
talis actually decreased the emptying time of the stomach It was there- 
fore thought worth while to investigate this pioblem Mateiial and 
data ® u ere at hand which facilitated the execution of this study 

METHODS 

In seven healthy male medical students the normal emptying time of the stomach 
was determined fluoroscopically The standard meal was the same as that reported 
on previously® Fifteen grams of farina and 1 Gm of salt were added to 350 cc 

From the Department of Physiology, the University of West Virginia 

This research was made possible through a grant from the Therapeutic 
Research Committee of the Council on Pharmacy and Chemistry of the American 
Medical Association 
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of water and boiled down to a volume of 200 cc Fifty grams of barium sulfate 
was added so that the position of the meal could be determined with the fluoroscope 
A number of control observations were made for each subject The average of 
these figures was used for the norm 

The effect of tincture of digitalis on the emptying time of the stomach was 
then studied Five cubic centimeters of fresh tincture of digitalis was thoroughly 
mixed with the standard meal The emptying time of the stomach was again 
determined fluoroscopically Careful attention was given, of course, to all details 
essential for well controlled experimental conditions 


RESUI^TS 

The accompanying chai t and table show the results obtained In the 
seven subjects digitalis decreased the emptying time of the stomach an 
average of 18 5 per cent The greatest deci ease noted m the emptying 
time was 24 6 per cent and the least 12 9 pei cent 
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The effect of S cc of tincture of digitalis on the emptying time of the human 
stomach 
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2 31 

2 4 

187 

18 5 
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COMMENT 

It IS generally known that digitalis is capable of exerting both a 
general and a local action The inci eased gastiic motility ma} 
have been pioduced by either mode of activity, that is, it may have 
been caused by stimulation of the vagus nerve by way of the medulla 
or by local irritative action It is difficult, unfortunately, to separate 
the two actions, if, for example, atropine is administered to paralyze 
the vagus nerve, gastric motility is greatly reduced Furthermore 
atropine could, by its side effects, introduce other undesirable factois 
There is, however, some more or less indiiect evidence on this point 
Alvarez ^ demonstrated that if isolated strips of different parts of 
the intestinal tract were immersed in Locke’s solution containing a 
1 200 dilution of tincture of digitalis, the stiips excised fiom the 
duodenum and jejunum showed depression and those excised fiom the 
ileum and colon showed a moderate amount of stimulation The depres- 
sion of the strips from the duodenum and jejunum was not due to the 
alcoholic content of the tincture of digitalis, for this factor was con- 
trolled by immersing stiips in Locke’s solution which contained a given 
amount of alcohol While work was not repoited on the effect of tinc- 
ture of digitalis on strips excised from the stomach, the fact that 
strips from the duodenum and jejunum showed depiession makes it 
permissible to assume that the work reported on by Alvarez may be 
interpreted to show that the local initative action of digitalis is less 
likely to produce hypermotility of the stomach than is its central action 
It IS probably safe to assume that the central action of digitalis has 
the same effect on the small intestine as on the stomach, since the vagus 
nerve is the motor nerve to both structures Further, if Alvaiez’ 
gradient theory of gastro-intestinal movement is accepted, the hypei- 
motihty of the stomach aggravated by digitalis would in turn cause the 
peristalsis of the small intestine to be more active, and this might ^^ell 
explain, in part at least, the diarrhea which often accompanies the 
administration of digitalis, particularly if the di ug is given m large doses 
As alcohol IS known to influence the emptying time of the stomach, 
it was necessary to control this factoi Seveial of the subjects were 
given standard meals which contained 5 cc of 70 pei cent alcohol, 
that IS, approximately the same amount of alcohol as was contained m 
the previously administered dose of digitalis It was found that this 
small dose of alcohol had no effect on the emptying time of the stomach 
The criticism might be raised that a decrease of 18 5 per cent in the 
emptying time of the stomach is not particulaily significant This may 
be partially true if the subject eats a small meal or one which leaves 

7 Alvarez, W C Differences m the Action of Drugs on Different Parts of 
the Bowel, J Pharmacol & Exper Therap 12 171 (Oct) 1918 
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the stomach quickly, such as the standard meal used in performing the 
experiments leported in this paper If a larger meal is ingested, how- 
ever, 01 one which contains a good deal of protein or fat, a decrease 
of 18 5 per cent becomes more significant Such a meal, for example, 
would probably take from five to six hours to leave the stomach , if it 
IS peimissible to assume that digitalis continues to exert the same 
influence on gastric motilit} in the case of a large meal as it does with 
the small one, the emptying time Avould be decreased well over an hour 

The fact that tincture of digitalis is capable of decreasing the empt}’- 
ing time of the stomach is of inteiest, as a review of the literature 
discloses that Avhile a number of substances delay the emptying time, 
not many are knoAvn which hasten it From the data set forth m this 
paper, moreover, it is safe to assume that digitalis may be administered 
orally after a meal without any deleteiious effect on gastric motility 
Since It has been shown conclusive!}’- that anoxic states are capable of 
delaying the emptying time,® the results reported m this paper are of 
practical inteiest, for digitalis is often administered during anoxic 
conditions which have been bi ought about by disease of the heart or 
lungs 

SUMMARY AND CONCLUSIONS 

It Avas found that 5 cc of tinctuie of digitalis Avhen mixed AVith a 
standard test meal (consisting principally of 15 Gm of farina) decreased 
the normal emptying time of the stomach on an average of 18 5 per 
cent in seven healthy young men The results all lay in the same direc- 
tion, and there Avere no exceptions In no case Avas the decrease in the 
emptying time less than 12 9 per cent, and the greatest decrease noted 
AA’as 24 6 per cent 

The conclusions Avhich may be draAvn from the Avork reported here 
are as folloAVS Tincture of digitalis administered in doses of 5 cc is 
capable of decreasing the emptying time of the stomach of the average 
person about 18 per cent, as based on experiments performed on seven 
subjects It may thus be given immediately before or directly after 
a meal Avithout any deleterious effect on gastric motility Experimental 
evidence is offered Avhich throws light on the causation of the diarrhea 
Avhich often accompanies the administration of digitalis Finally, since 
digitalis is often given in conditions associated Avith anoxemia, which has 
been shown to inhibit gastric motility, the fact that it is capable of 
decreasing the emptying time of the stomach is of practical importance 

8 Van Liere, E J , Lough, D H, and Sleeth, C K Effect of Anoxemia 
on the Emptying Time of the Human Stomach Influence of High Altitudes, 
Arch Int Med 58 130 (July) 1936 



UREA CLEARANCE IN PERNICIOUS ANEMIA 
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During studies on the excretion of hippuric ^ acid and xylose - of 
patients with pernicious anemia the renal function was estimated by 
means of the urea clearance test The apparent importance of renal 
function to the clinical status of the patients led us to make additional 
studies of the urea clearance of these and other patients with pernicious 
anemia 

Mosenthal ® stated that in cases of severe anemia, whether of the 
primary or of the secondary type, results were obtained with the test 
meal (Mosenthal test) which were similar in every detail to those that 
have been described in cases of advanced contracted kidney He further 
stated that from the functional changes alone one would be wan anted 
in considering the prognosis giave but that the cure of the seveie anemia 
might be followed by great functional improvement Kahn and Barsk}’- ^ 
found that in three cases of pernicious anemia the lenal function was 
normal, as evidenced by the phenolsulfonphthalein test and the blood 
nitrogen partition The urinary nitrogen partition also was normal 
except that the oxyproteic nitrogen fi action was increased to twice 
normal Gettler and Lindeman ® stated that the urea nitrogen content 
of the blood was above normal in only 18 per cent of the cases of 
pernicious anemia, being within noimal limits (10 to 20 mg) in the 
remainder, but even in these the tendency towaid the higher noimal 
limits was noticeable They stated that this was probably due not to a 

From the Lilly Laboratory for Clinical Research, the Indianapolis City Hos- 
pital, and the Department of Medicine, Indiana Universit}’- School of Medicine 

1 Fonts, P J , Helmer, O M , and Zerfas, L G The Secretion of Hippuric 
Acid in Pernicious Anemia, Am J M Sc 193 647-652 (May) 1937 

2 Helmer, O M, and Fonts, P J Gastro-Intestmal Studies VII The 
Excretion of Xylose in Pernicious Anemia, J Clin Imestigation 16 343-349 
(May) 1937 

3 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch Int Aled 
16 733-774 (Nov ) 1915 

4 Kahn, M , and Barsky, J Studies of the Chemistry of Pernicious Anemia 
Arch Int Med 23 334-345 (March) 1919 

5 Gettler, A O , and Lindeman, E Blood Chemistry of Pernicious Anemia 
Arch Int Med 26 453-458 (Oct ) 1920 
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permanent lenal lesion but to the decreased amount of circulating 
blood 

The aforementioned reports on renal function in pernicious anemia 
were published previous to the advent of liver therapy It is our 
purpose m this papei to report one hundred and eighty determinations 
of the urea clearance of eighty-eight patients with pernicious anemia 
Whenever possible determinations were made before and after insti- 
tution of specific therapy 

METHOD 

The patients with pernicious anemia who were studied had been followed in this 
department for varying periods up to nine years Only the patients who main- 
tained normal red blood cell counts for at least eighteen months while taking 3 
vials of liver extract or 12 capsules or less of a liver-stomach concentrate daily 
by mouth were classified as easy to maintain with a normal red blood cell count 
Those requiring larger amounts of oral therapy or liver extract by injection were 
classified as difficult to maintain The Van Slyke method was used in determining 
the urea clearance Examination of urine in most cases revealed no abnormality 
Many of the women patients, however, showed a trace of albumin and varying 
numbers of pus cells 

RESULTS 

The urea clearance of fifty patients was determined during a 
relapse The values varied from 31 to 125 per cent of normal, averaging 
62 5 per cent However, two patients who were not examined until 
after a partial remission had been induced by liver extract had urea 
clearance values of 23 and 29 per cent of normal, respectively These 
patients were not included in the group of those showing a relapse The 
urea nitrogen content of the blood varied from 79 to 28 4 mg per 
hundred cubic centimeters There were, however, only five patients 
who showed a urea nitrogen value over 23 mg per hundred cubic 
centimeters, the upper limit of normal 

Twenty-two of the patients showing relapse were receiving the 
diet recommended in “the Pharmacopoeia of the United States of 
America” for patients used in the standardization of liver extract or 
were receiving the diet used by us® in studies on the intrinsic factor 
of liver extract These diets are low in protein It has been shown ^ 

6 Helmer, O M , Fouts, P J , and Zerfas, L G Increased Potency of 
Liver Extract by Incubation with Human Gastric Juice, Proc Soc Exper Biol & 
Med 30 775-778 (March) 1933 

7 Jolliffe, N , and Smith, H W The Excretion of Urine in Dogs II The 
Urea and Creatinine Clearance on Cracker Meal Diet, Am J Physiol 99 101-107 
(Dec ) 1931 Cope, C L Studies of Urea Excretion VIII The Effects on the 
Urea Clearance of Changes in Protein and Salt Contents of the Diet, J Qm 
Investigation 12 567-572 (May) 1933 Goldring, W , Razmsky, L , Greenblatt, 
M , and Cohen, S The Influence of Protein Intake on the Urea Clearance in 
Normal Man, ibid 13 743-748 (Sept) 1934 Van Slyke, D D , Rhoads, C P , 
Hiller, A , and Alvmg, A S The Relationship of the Urea Clearance to the 
Renal Blood Flow, Am J Physiol 110 387-391 (Dec ) 1934 
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that a diet low in protein deci eases the urea clearance of dogs and of 
human beings Our average values weie perhaps decreased by the 
diet low in protein However, examination of table 1 shows that the 
distribution of patients leceivmg the low protein diet in the various 
clinical groups tended to minimize lather than accentuate the differences 
in the groups 

Table 1 — Aveiage Values foi Uiea Cleat ance and Distiibuhon of Values fat 
Vatious Chmeal Groups of Pahents zvith Petniaous Alievna Dming a 
Relapse and Dm mg a Revnssion 



Num 

Xum 

ber 

ber 

of 

of 

Exam 

Pa 

ina- 

tients 

tions 


1 All patients during relapse 

50 

52 

a Having early involvement of 
spinal cord 

31 

32 

b Having advanced involvement 
of spinal cord 

19 

20 

c Under 60 years of age 

2S 

2S 

d Over 60 years of age 

22 

24 

e Having no known complication 

30 

30 

f Having complications, such as 
arteriosclerosis and infec 
tions 

20 

22 

g DifiBcultto maintain with nor- 
mal red blood cell count 

20 

21 

h Easy to maintain with normal 
red blood cell count 

9 

10 

1 A.11 patients with normal red 
blood cell count 

61 

75 

a Having early involvement of 
spinal cord 

37 

44 

b Having advanced involvement 
of spinal cord 

24 

31 

c Under 60 years of age 

35 

43 

d Over 60 years of age 

26 

32 

e Having no known complication 

33 

40 

f Having complications, such as 
arteriosclerosis and infec 
tions 

28 

35 

g DifBcult to maintain with nor- 
mal red blood cell count 

26 

34 

h Easv to maintain with normal 
red blood cell count 

17 

23 



Number of 

Number of 

Average 

Patients with 

Patients with 

Urea 

Urea Clearance 

t 

-A- ^ 

Clear- r 

K. 


, Less 

More 

anee, 

Less 

More 

Than 

Than 

Percent 

Than 

Than 

50 Gm of 50 Gm of 

age of 

75% of 

75% of 

Protein 

Protein 

Normal 

Normal 

Normal 

in Diet 

in Diet 

62 5 

39 

11 

22 

28 

67 2 

21 

10 

15 

16 

53 0 

IS 

1 

7 

12 

62 9 

21 

7 

13 

15 

60S 

IS 

4 

9 

13 

635 

22 

S 

14 

16 

59 2 

17 

3 

8 

12 

61 1 

17 

3 

7 

IS 

75 7 

4 

5 

4 

5 

791 

29 

32 



861 

14 

23 



715 

15 

9 



K1 

14 

21 



70 7 

15 

11 



83 3 

14 

19 



74 4 

15 

13 



73 3 

13 

13 



93 8 

6 

11 




As seen in table 1 the patients with the more advanced involvement 
of the central nervous system showed distinctly lower average values 
for urea clearance than did the patients with only slight involvement 
There was also a tendenc}^ for the older patients and the patients having 
degenerative oi infectious complications to have lower values for urea 
clearance The patients for whom it was difficult to maintain a normal 
red blood cell count by oral theiapy likewise had a distinctly lower 
aierage value foi urea cleaiance than did those for whom it was easy 
to maintain a noimal red blood cell count 
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Sixty-one patients were examined when the red blood cell count 
was normal They were seen in the outpatient department at the time 
of the determination of the uiea clearance, and consequently then 
exact diets were not known However, owing to the poor financial 
status of most of the patients the intake of protein piobably was not 
high The average value foi urea cleaiance foi this group of patients 
was 79 1 pel cent (the values varying between 39 and 156 per cent of 
normal) Table 1 again reveals that the oldei patients, those with 
more advanced involvement of the spinal cord and those with degenera- 
tive or infectious complications had a distinctty lowei aveiage value 
for urea clearance than the youngei patients and those who did not have 
these complicating factors Patients with these complications have 
been shown ® to requiie more liver orally, and theie were even greater 
differences in the urea clearance values for the patients for whom it 
was difficult to maintain a normal led cell count with oral therapy 
and for those for whom it was easy to maintain a normal red cell count 
None of the seventeen patients for whom it was easy to maintain a 
normal red cell count had a value foi urea clearance below SO pei 
cent, and only six had values below 75 per cent This is in contrast 
to the discovery of five patients having uiea clearance values below SO 
per cent m the group for whom it was difficult to maintain a normal 
red cell count In addition, thirteen of the twenty-six patients in this 
group had urea clearance values below 75 per cent of normal 

In comparing the findings for the patients during a relapse with 
those for patients having normal red blood cell counts, it is evident 
that the average value for urea clearance was higher foi the patients 
having normal red blood cell counts It was not possible to examine 
all patients listed in table 1 both during a i elapse and during a remis- 
sion, so the groups aie not identical Table 2 shows the urea clearance 
of the thirty-seven patients for whom determinations were made both 
during a relapse and after treatment It is evident fiom table 2 that 
the differences in the values for urea cleaiance befoie and after treat- 
ment shown in table 1 were not due to the inclusion of patients not 
studied in both groups 

Table 3 shows individual clearance values foi a group of fifty 
patients determined at different red blood cell levels In many instances 
the urea clearance value obtained when the patient showed a relapse 
was in no way indicative of the actual renal function of the patient 
after the blood count became normal In some the increase in urea 
clearance was progressive from the start of therapy, and in others it 

8 Beebe, R T , and Lewis, G E The Maintenance Dose of Potent Material 
in Pernicious Anemia, Am J M Sc 181 796-812 (June) 1931 Fonts, P J , and 
Zerfas, L G Maintenance Dosage of Liver Extract in the Treatment of Per- 
nicious Anemia, Ann Int Med 6 1298-1304 (April) 1933 
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did not occui until latei The ele\ation in the uiea cleaiance Aalue 
followed the increase in the protein content of the diet in seAeial 
instances, but in others theie A\as an elevation in spite of the fact that the 
patients continued to leceive a diet low in piotein An inciease in 
the piotein content of the diet A\as not always followed by a use 
in the value foi uiea cleaiance In othei instances the piotein con- 
tent of the diet w^as not low at the time of the hist examination, }et 
theie w^as an elevation in the A^alue for urea cleaiance aftei the led 

Table 2 — Azciage J allies foi Lira Cleaiance of Patients zvith Peimcioiis 
Anemia Detci mined Both Befoic and Aftci Ticatmcnt 


No of No of 
Average Patients Patient® 
Ure 1 MithUrea nitli Urc i 
Cleannce, Clearance Clearance 
Pcicentage Less More 
No of of than 7'?% than 75% 
Pitients Normal of Normal of Noimal 


1 


2 




G 


S 


a 


Tot il numlicr of patients 
a Relapse 

*>7 

>7 

51 0 

on 

7 

h Remission 

37 

74 '1 

10 

IS 

Patients TMth early involvement of spinal eoid 

a Relapse 

22 

G5 4 

10 

G 

b Remission 

22 

77 1 

10 

12 

Patients avith ada anced inaolaemont of spinal coni 

a Relapse 

15 

51 D 

14 

1 

b Remission 

15 

71 0 

9 

G 

Patients under GCbaears of age 

1 Relapse 

25 

G2 G 

19 

0 

b Remission 

25 

SO 7 

10 

15 

Patients over 00 years of ago 

a Relapse 

12 

')4 ”) 

11 

1 

b Remission 

12 

0. '> 

9 

O 

O 

Patients arith no Lnown complications 

a Relapse 

2G 

C2 4 

20 

c 

b Remission 

2G 

77 > 

12 

14 

Patients aaith complications, such as arteriosclciosis and 
a Relapse 

infection® 

11 54 2 

10 

1 

b Remission 

11 

GO 7 

7 

4 

Easy to maintain aaith normal red blood cell count 

a Relapse 

G 

72 1 

o 

o 

O 

b Remission 

G 

S2 1 

1 2 

4 

Difficult to maintain avith normal led blood cell count 

a Relapse 

15 

59 5 

n 

o 

b Remission 

15 

71 1 

9 

0 


blood cell count i cached noimal The fiist patient had the lowest value 
(35 pel cent) foi uiea cleaiance, wdiich latei inci eased to noimal 
Patients with a uiea cleaiance value below 50 pei cent of noimal as 
often had a noimal value aftei tlieiap} as those who had a laltie 
between 50 and 70 per cent of noimal dining a relapse In general it 
could not be detei mined fiom the clinical status of the patient wdiethei 
theie w'ould oi would not be an mciease in urea clearance after the 
use m the red blood cell count Howevei, it can be stated that if the uiea 
cleaiance value is low the patient is more like!} to requne Inei extiact 
bv injection to maintain a normal led blood cell count than if the uiea 
clearance value is normal Thei e did not seem to be any relation betw een 
the blood piessuie and the uiea cleaiance of the patient during a relapse 


Tabie 3 — Utca Clcaiancc Dctci luiuations fo> Fifty Patients with Peinicious 
Anemia at Vanous Red Blood Cell Levels 







Urea 

Iniolvc 



Blood 

Protein 




Red 


Clear 

ment of 



Urea 

Content 




Blood 

Hemo 

ance. 

Central 



Nitrogen, 

Of 

Case 



Cells, 

globin, 

%of 

Nervous 

Coinpll 

Mainte 

Mg per 

Diet, 

No 

Age 

Date 

Millions 

% 

Norm il 

System 

cations 

nance* 

100 Cc 

Gm 

1 

36 

7/22/30 

0 70 

22 

35 




? 

80 

31 



7/29/30 

1 00 

27 

58 




95 

23 



8/27/30 

2 97 

43 

07 




10 0 




12/18/30 

5 24 

80 

97 




97 


2 

40 

11/ 3/30 

0 82 

25 

30 



— 

? 

119 

27 



12/18/30 

3 57 

70 

04 




71 

31 



2/12/37 

4 08 

88 

57 




14 7 


3 

59 

7/24/30 

1 00 

28 

51 

+ + 

— 

? 

15 7 

31 



7/29/30 

0 89 

25 

51 




15 2 

24 



8/20/30 

2 94 

51 

31 




13 8 

31 



11/10/30 

4 08 

83 

57 




12 2 




2/12/37 

4 07 

94 

47 




12 3 


4 

45 

3/23/37 

0 91 

25 

58 



4- 

•> 

79 

20 



4/10/37 

2 79 

52 

00 




5 7 

57 



0/ 4/37 

4 01 


99 




84 


5 

44 

4/20/30 

0 90 

25 

99 





r 

12 1 

27 



11/ 9/30 

4 79 

94 

SO 




13 0 


6 

5S 

5/29/30 

1 04 

20 

38 

+ -f + 



D 

20 3 

40 



8/24/30 

4 07 

75 

53 




10 0 




4/ 2/37 

4 15 

91 

32 




13 7 


7 

57 

2/ 5/30 

1 00 

31 

41 

+ + + 



1 

25 3 




3/11/36 

3 30 

04 

08 




17 2 




5/ S/30 

5 39 

88 

84 




101 


S 

01 

7/ 0/30 

1 09 

29 

58 


"f'4- 

D 

10 7 

70 



8/25/30 

3 21 

82 

87 




15 0 

07 

9 

57 

4/ 7/SC 

1 14 

28 

50 

+ 



r 

15 4 

30 



4/24/30 

1 65 

16 

34 




81 

39 



6/ 2/36 

4 58 

70 

30 




14 0 


10 

59 

1/ 8/37 

1 10 

30 

58 

+ 4* 

4.-f 

? 

10 4 

20 



2/ 4/37 

3 44 

73 

SO 




03 

70 

11 

02 

2/20/37 

1 17 

35 

09 

+ + + 

4- 

? 

14 5 

25 



4/15/37 

3 02 

77 

01 




99 

08 



5/12/37 

4 78 

102 

55 




15 6 

30 

12 

51 

5/27/30 

1 24 

38 

53 

4- 



1 

17 8 

32 



9/ 1/30 

4 15 

91 

57 




13 9 




11/11/30 

5 33 

103 

67 




13 5 


13 

50 

4/10/30 

1 20 

38 

74 

4-4- 

— 

r 

14 7 

08 



0/11/30 

3 02 

73 

72 




11 5 

72 

14 

44 

12/ 3/30 

1 33 

37 

05 





D 

90 

15 



12/23/30 

2 *8 

50 

48 




08 

71 



2/ 2/37 

5 26 

98 

54 




99 


15 

59 

7/ 3/35 

1 35 

44 

125 



— 

E 

14 3 

55 



9/10/36 

4 20 

80 

85 




11 3 


16 

20 

3/23/37 

1 43 

40 

52 





7 

12 9 

21 



4/20/37 

1 98 

52 

53 




10 3 

38 



5/13/37 

3 47 

77 

81 




10 5 

80 

17 

31 

0/19/30 

1 44 

33 

92 





1 

18 3 

70 



11/11/30 

5 04 

100 

88 




17 7 


18 

70 

3/24/36 

1 45 

43 

42 

4- 



7 

14 7 

08 



4/20/30 

3 25 

69 

50 




12 4 

65 



9/ 1/30 

4 43 

89 

42 




12 1 


19 

58 

5/14/35 

1 52 

44 

75 

4-4-4- 

4- 

7 

80 

00 



10/15/35 

4 54 

97 

112 




70 


20 

70 

8/25/30 

1 00 

45 

31 

-h 

— 

r 

10 5 

32 



9/24/36 

3 82 


05 




10 4 

33 



11/ 9/30 

4 72 


02 




8 5 


21 

02 

9/21/34 

104 

44 

39 

4-4-4- 

4- 

D 

25 7 

r>o 



11/22/34 

3 97 

80 

44 




21 2 

07 

22 

01 

5/11/37 

104 

47 

54 

— 

— 

7 

19 8 

20 



0/23/37 

3 23 

85 

50 




15 8 

21 



7/ 2/37 

3 84 

92 

04 




12 7 

59 

23 

30 

7/30/30 

1 84 

41 

47 

— 

— 

D 

13 5 

27 



8/20/36 

2 98 

00 

48 




58 

22 



ll/_10/30 

4 00 

92 

75 




8 5 


24 

41 

i/'ss/oi 

1 87 

40 

58 

4-4-4- 

— 

7 

88 

75 



12/10/35 

5 24 

115 

150 




97 



* E indicates cas\ to mnmtam with a normal red blood cell count with oralh administered 
liver D difiieult to maintain nith a normal red blood cell count, i e , injections of luer e\tract 
required 



Table 3—Uiea Cleat mice Dctci mmatious foi Fifty Patients with Peimcions 
Anemia at Vat ions Red Blood Cell Lcz’cls — Continued 


Urea In^o^e Blood Protein 

Red Clear ment of Urea Content 

Blood Heino ance. Central ^Itrogen, of 

Once Cells, globin, %of Nervous Compli Maintc Mg per Diet, 

No Age Date Millions % Normal System cations nance 100 Cc Gm 


25 

04 

5/ 0/35 

1 91 

53 

54 



11/12/35 

3 93 

77 

S3 

26 

63 

10/15/30 

1 94 

03 

57 



10/29/30 

2 81 

72 

55 



1/ 4/37 

4 50 

SO 

03 

27 

59 

8/28/30 

1 95 

58 

31 



10/ 5/30 

3 50 

83 

33 



12/ 3/30 

4 40 

89 

39 

2S 

04 

0/11/34 

3 00 

74 

77 


00 

4/ 7/30 

2 03 

51 

115 



4/20/37 

4 03 

113 

111 

29 

34 

10/ 2/30 

2 00 

49 

71 



11/12/30 

4 12 

90 

71 

20 

45 

5/ 6/30 

2 09 

51 

70 



8/31/30 

4 15 

86 

90 



12/ 7/30 

4 70 

92 

117 

dl 

72 

11/ 7/35 

2 10 

04 

39 



11/20/35 

2 03 

02 

36 



1/ 2/30 

4 11 

87 

36 



6/15/30 

4 87 

89 

54 



6/ 8/37 

2 39 

74 

32 



7/ 2/37 

3 44 

89 

44 

32 

07 

11/29/35 

2 12 

65 

84 



2/20/37 

2 70 

71 

86 



4/15/37 

3 50 

92 

80 

33 

30 

8/ 2/34 

2 17 

50 

79 


37 

10/31/35 

5 28 

120 

105 

3i 

58 

5/21/35 

219 

59 

49 



11/ 5/35 

5 12 

103 

105 

33 

50 

0/ 4/35 

219 

05 

60 



9/19/35 

5 41 

113 

70 

30 

40 

11/10/34 

2 25 

57 

110 


42 

9/10/36 

3 97 

S3 

79 



12/ 4/30 

4 21 

S3 

91 

37 

51 

1/14/36 

2 30 

75 

51 



8/25/36 

3 89 

76 

65 

38 

04 

2/21/30 

2 41 

70 

57 



8/31/30 

4 72 

97 

50 

39 

05 

10/30/34 

2 95 

79 

51 


00 

10/17/35 

4 58 

94 

52 

fO 

35 

10/23/34 

3 20 

84 

46 



10/ 8/35 

5 00 

80 

44 



2/17/30 

4 99 

87 

45 



12/15/36 

5 20 

79 

45 

fl 

00 

4/30/35 

3 42 

75 

33 


08 

10/13/30 

3 39 

74 

57 

42 

41 

1/ 8/37 

3 09 

82 

61 



4/19/37 

4 48 

94 

60 

42 

82 

12/17/35 

3 82 

75 

23 



1/20/36 

4 98 

92 

36 



2/ 3/36 

5 05 

81 

43 



5/15/30 

5 09 

87 

40 

44 

50 

9/13/34 

4 22 

07 

72 



10/22/35 

4 59 

so 

97 

45 

52 

9/ 5/35 

4 54 

97 

36 



10/10/35 

4 13 

92 

38 



1/22/30 

4 40 

92 

41 



3/ 5/30 

4 38 

S3 

49 

40 

74 

8/10/34 

5 81 

97 

61 



3/ 9/30 

518 

107 

70 

47 

GO 

11/ 3/30 

3 48 

96 

71 



12/14/36 

3 94 

87 

51 



4/19/37 

4 98 

107 

58 

48 

00 

12/10/30 

3 70 

92 

45 



2/ 1/37 

4 34 

92 

81 

49 

07 

12/27/35 

3 19 

04 

03 


OS 

5/12/37 

1 50 

42 

38 



0/17/37 

3 26 

70 

57 

oO 

40 

4/28/37 

1 34 

30 

40 



0/ 3/37 

2 97 

01 

61 
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+ 

D 
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71 
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D 
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90 

98 

22 

20 
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? 
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98 
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31 
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8 4 

10 0 

91 
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04 

++ 

— 
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15 6 

14 1 
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72 



D 

18 0 

15 8 

16 2 

70 

+ 

+ 

D 

284 

158 

15 2 

17 0 
259 

10 5 

06 

70 

21 

68 

+ 
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E 

15 4 

13 5 
121 

30 

29 

— 

— 

E 

15 0 

17 2 

101 

— 

— 

E 

17 5 

12 0 

01 
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D 

12 0 

12 0 

57 

06 


““ 

D 

14 5 

93 

10 0 

70 

+ + 

— 

D 

12 8 

12 0 

57 

— 


D 

14 9 

8 7 

59 

+ + 

+ 

D 

12 3 

11 6 

55 

+ + 

+ 

D 

15 8 

12 6 

17 7 

14 8 

GO 

+ + 

+ + + 

D 

68 

80 

55 

68 

+ + + 

+ 

9 

10 8 

78 


+ + + 


D 

30 8 
221 

19 6 

19 1 

62 

03 

+ 

+ 

D 

11 4 

15 2 



+ + + 

D 

68 

191 

12 7 

14 0 


•/"■I- 

+ 

E 

17 4 


+ 

+ 

? 

18 3 

13 9 

30 

30 
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+ 

9 

153 

11 3 

22 

47 


4. 

9 

156 


+ + 

+ 

? 

19 8 

16 0 

21 

73 

— 

— 

D 

89 

10 7 

17 

40 
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' CONCLLiSIONS 

Iheie may be a maiked mciease m the uiea deaiance of the pabent 
with pernicious anemia aftei a remission induced b)'^ hvei extiact 

The use m the value foi uiea clearance following the induced i emis- 
sion cannot be piedicted fiom a study of the clinical condition of the 
patient 

The patient having the complicating factors usually associated ^\ith 
an inci eased lequiiement of oially admmisteied Inei extract is lifeh 
to show a loi\ value foi uiea deaiance even aftei the led blood cell 
count leaches noimal 

The patient mth a low A'alue toi uiea deaiance is moie likely to 
lequiie hvei extiact by injection to maintain a noimal led blood cell 
count than is the patient vith a noimal -value foi uiea deaiance 
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L N KATZ, MD 

AM) 

K HOWELL, AID 
With tub Con apoka rio\ or 
E LINDNER 

AM) 

M MENDLOWITZ, M D 

( If K AGO 

'iheie aie two distinct mam aspects to the considei ation of subacute 
bacteiial endocaiditis (1) the mode of infection of the caidiac Aahcs 
and ( 2 ) the factois involved m the continuance of the grow'tb on the 
\alve 'J'be second aspect w'as the subject of the piesent investigation 
W'e felt that it might prove to be of practical value to discovei wbj 
infection due to a relatively nonviiulent organism persists on the caidiac 
vahes 'J'o this end the bebavioi of Slieptococcus vnidans wms noted m 
\aiious types of serum and wdiolc blood, and the fate of the bacteiium 
was imestigated wdien placed m the blood stieam, on a caidiac Aahe 
and in ceitain otbei tissues of the normal living dog 

Horder,’ Schottmuller - and Libman and Cellei ‘ fiist obseived the 
moipbologic characteristics of Sti Miidans and noted its lelatne non- 
\irulence Since tbeir obseivations innumerable studies have been made 
of the bactenologic and immunologic as])ects of the disease It appeals 
fiom studies both of patients suffering fiom the disease ' and of animals 

Aiclec] bj" tbe A D Nast Fund for Cardiac Research 

^ Emanuel Libman Fellow, Mount Sinai Hospital, New York 

From the Cardiovascular Department and the Depaitment of Baetenologe, 
Michael Reese Hospital 

1 Horder, I Quart J Med 2 289, 1908-1909 

2 Schottmuller, H Alunchen med Wchnschi 57 617, 1910 

3 Libman, E, and Celler, H L Am J M Sc 140 516, 1910 

4 (a) Kinsella, R A Bactenologic Studies in Subacute Streptococcus Endo- 
caiditis, Arcb Int Med 19 367 (Alarch) 1917 (h) Wright, HD J Path & 

Bact 28 541, 1925 (c) Levine, S A Clinical Heart Disease, Philadelphia, W 

B Saunders Compane, 1936, p 195 (d) Kreidler, W \ J Infect Dis 39 186, 

1926 
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having endocai ditis “ that the immune piopeities of the blood aie 
inci eased against the particulai strain of stieptococcus infecting the 
cardiac valve 

Harbitz ® was probably the first to describe clearly the clinical and 
pathologic picture which develops when the cardiac valves are the seat 
of bacterial infection He differentiated the acute ulcerative type of 
endocarditis from the subacute proliferative type both clinically and 
pathologically Indeed, his moiphologic obseiwations weie so exhaustive 
and accurate that relatively few new facts have been added since 
Horder ^ later observed that the organism in patients with the subacute 
infection was almost always a streptococcus of low virulence and in 
many instances was identical with the streptococcus found in the alimen- 
tary canal Libman and Celler,^ as well as Schottmullei,^ showed 
conclusively on the basis of pathologic, bactei lologic and clinical studies 
that Str vindans is the etiologic agent in the majority of cases of 
subacute bacterial endocai ditis 

Ribbert ^ was the first to produce bacterial endocarditis experi- 
mentally, he injected intravenously staphylococci mixed with finely 
ground particles of potato Rosenbach ® also produced endocarditis of an 
acute type by injuring the aortic leaflets and subsequently inoculating 
them with bacteria Horder ^ was probably the fii st to produce the Sti 
vindans type of endocarditis, some of the strains used by him vere 
obtained from the alimentary canal of the normal human being Since 
the publication of his work many others ® have reported the production 
of endocarditis m r^aiious animals Vegetative endocarditis has followed 
these various procedures in a relatively small peicentage of experimental 
animals Kinsella claimed to have obtained endocarditis in the majority 
of his animals by damaging the valve first 

A FACTORS AFFECTING THE GROWTH OF STR VIRIDANS IN AHTRO 

1 The Behavior of Str Viudans m Fihun — The first step in the 
present study was to follow the growth of Str vindans in fibrin, the 
medium in which the organism glows in man 

For this purpose fibrin was collected from sterile specimens of dog blood and 
cut into approximately 3 or 4 mm cubes Fifteen of these cubes were inoculated 
with 0 5 cc of a twenty-four hour broth culture of Str vindans obtained originally 

5 (a) Wright, HD J Path & Bact 29 S, 1926 (b) Kinsella, R A , and 

Hayes, C M Proc Soc Exper Biol & Med 24 887, 1927 

6 Harbitz, I Deutsche med Wchnschr 25 121, 1899 

7 Ribbert, J Deutsche med Wchnschr 11 717, 1885 

8 Rosenbach, O Virchows Arch f path Anat 105 215, 1886 

9 (a) Rosenow, EC J Infect Dis 7 411, 1910 (b) Detweiler, H K, 

and Robinson, W L Experimental Endocarditis, J A M A 67 1653 (Dec 2) 
1916 (c) Kinsella, R A Proc Soc Exper Biol & Med 20 252, 1923 (d) 
Wright 5“ 
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from the blood of a patient with subacute bacterial endocarditis Thej uere then 
incubated for forty-eight hours in normal dextrose broth, and at the end of this 
time each cube of fibrin was placed in 5 cc of phjsiologic solution of sodiirtn 
chloride At the same time, for control purposes, tubes containing 5 cc of physio- 
logic solution of sodium chloride and tubes containing 5 cc of normal dextrose broth 
were inoculated with 0 5 cc of a t\\ enty^-four houi broth culture of the same organ- 
ism In order to determine the period of growth of the organism, one of the cubes 
was removed from the original saline solution every third day and placed in normal 
dextrose broth for subculture, and subcultures of the controls in physiologic solu- 
tion of sodium chloride and in dextrose broth were also made every day on blood 
agar plates 

The lestilts siimmai ized in table 1 show cleaily that fibiin offeis 
an ideal medium foi the continued viability of Sti vindans, giouth 
being obtained on subcultuie even after forty days In contiast, the 
cultuie in dextrose bioth became steiile in six days and that in saline 
solution in two days 

2 The Behavioi of Sit Vnidans in Pwe Seiuin — Since Str viri- 
dans growing in the fibiin of valvulai vegetation is exposed to the plasma 


Table 1 — Data on Culinics 




Number of Days 



Before Subcultures 


Material Infected witli Str Vindans 

ere Sterile 


Fibrin mass 

Oier 40 


Physiologic solution of sodium chloride 

2 


De\troso bioth 

c 


of the circulating blood, it is conceivable that in vivo the presence of 
certain immune bodies in the plasma might determine the growth and 
survival of the organism Accordingly, it was thought essential to 
determine in vitro the effect of serums fiom various sources on the 
giowth of this bacterium 

For this purpose blood was obtained from four sources (o) from normal 
adults, (_b) from patients with subacute bacterial endocarditis, (c) from normal 
dogs and (d) from dogs specifically immunized against the strain of Str vindans 
used The immune dog serum was prepared as follows Dogs were given injec- 
tions of 1 cc of twenty-four hour broth culture of Str vindans intravenously even 
other day for not less than a month, and the presence of immunity was judged by 
the agglutinin and opsonin reactions of the blood 

In the majority of instances the serum was prepared bv defibrination with glass 
beads In a few instances plasma was used, minimal amounts of citrate ha\ing 
been added to prevent clotting After centrifugation the serum was drawn off 
with a pipet One loopful of twentv-four hour broth culture of Str \iridans ^\as 
added to each 5 to 10 cc sample The average number of bacteria thus inoculated 
as determined by colonv count, was 4,000,000 Growth was determined in all 
instances by subcultures made on blood agar plates at the end of ti\entj-four and 
forty -eight hours Three strains of Str Mridans weie used, each obtained from 
cultures of blood of different patients with subacute bacterial endocarditis In two 
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cases the serum \\as taken from a patient with subacute bacterial endocarditis, and 
the strain of organism added was the one isolated fiom that patient 

» 

The results summai ized in table 2 show that in thirt)^-foui of the 
thiity-five serums used the streptococci weie able to suivive foi at 
least forty-eight houis In fact, it was found that all twenty seiuins 
wdnch w^ere subcultuied longei than foity-eight houis showed giow'th 
continuing for fiom three to ten days No gioss difference was obseived 
in the growth of the organism in the serums of different origin In 
fact, the oigamsm grew' as well m serums wdnch contained immune bodies 
(the agglutination titei of each of the foiii dogs w'as ovei 640) as in 
those 111 which there weie no immune bodies 


TAiiir 2 — Data on Semins 



^Mimber of 

> umber 

Number 


Different 

Sliouing Growth Showing Growth 

Sources of Serums 

Samples 

in 2-1 Hr 

m 48 Hr 

Xormal man 

S 

7 7 

Patient vith subacute bacterial cndoc iiclitis 

A 

4 

4 

>ormal dog 

10 

10 

10 

Itnmunircd dog 

A 

4 

4 


T\Bir 3 — Bactcnal Counts 



Bacteria Added 

Bacteim per 5 Cc 

B leteria per 5 Cc 


per 5 Ce 

in 24 Hr 

in 48 Hr 

Serum 1 

1,200,000 

2 400 000 


Serum 2 

1,200,000 

1,800,000 


Serum 8 

1,200,000 

2,100,000 


Serum 4 

1 200,000 

2,808,000 


Serum 5 

2,020,000 

3 400,000 

",8,000,000 

Serum C 

2,020,000 

4,020,000 

32 000,000 

Broth 

2,020 000 

8 000,000,000 



Our lesults indicate that seium is a medium that is suitable foi 
survival of the oiganism Howevei, actual colony counts showed that 
grow'th IS less luxuriant in serum than in broth (table 3) 

3 The Behavwt of Sti Viiidans in Suspensions of Set uni Con- 
taining White and Serum Containing Red Blood Cells — Prehnnnaiy 
experiments show'ed that the grow'th of Sti vnidans is nregtilai in 
whole blood, unlike the growth in seium It appeals theiefore that the 
formed elements in the blood might be diiectly or indirectly lesponsible 
for the inhibition of bacterial giowth This w'as tested experimentally 
Ty observing tbe fate of cultures of Sti vindans m serum containing 
suspensions of eithei wdnte or led blood cells 

For this purpose defibrmated whole blood was obtained from five normal dogs 
The sample of blood from each dog was centrifugated at high speed for one hour 
At the end of this time the serum, the leukocvtic cream and the portion of red blood 
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cells were separated by pipetting Then the white blood cells and red blood cells were 
separately resuspended in from 5 to 10 cc of serum obtained from the same dog 
A loopful of twenty-four hour broth culture of Str eindans w'as added to each 
of the five tubes containing a pure suspension of white blood cells and to each of 
the five tubes containing a pure suspension of red blood cells All ten tubes were 
placed m a mechanical shaker foi sixty minutes to insure sufficient contact between 
the formed elements of the blood and the bacteria, since otherwise the cells tend 
to settle to the bottom of the test tube and do not remain m contact with the 
bacteria After sixtv minutes of agitation subcultures were made immediateh on 
blood agar The original suspensions w'ere incubated, and subcultures w'ere made 
again after tw enti -four and after fort 3 ’^-eight hours 

The lesults shown in table 4 clear]}^ indicate that a suspension of 
white blood cells is an eftectne and lapid bacteiicidal agent The bac- 
teiicidal action w^as such that foui of five cnltuies suspended in white 
blood cells plus serum became steiile m an houi, wdieieas all fite 
cultures suspended in led blood cells plus seium showed giowth foi at 
least foity-eight houis 


Tablc 4 — Data on Giozofli in Scnini 



Number of 





Different 

Growth m 

Giowth in 

Growth in 

Suspension 

S irnples 

CO Min 

24 Hr 

4S Hr 

Rert blood colls plus serum 

5 

0 

0 

5 

W lute blood cells plus serum 

5 

1 

1 

1 


4 The Behavioi of Stt Viudans in Whole Blood in Vitio — The 
bactericidal action of white blood cells suspended m seium led us to 
determine wdiethei oi not the bacteiicidal powei was retained by the 
w bite blood cells in their natural en\ ii onmeiit the blood 

This was tested wuth specimens of wdiole blood obtained from the four sources 
used in the experiments wuth pure serum Approx imatel}^ 10 cc of defibrinated 
wdiole blood was used in each case, and one loopful of tw'enty-four hour broth culture 
of Str viridans w'as added to each The average number of bacteria contained m this 
loopful w'as bv colonj count approximately 4,000,000 All tubes, including those 
containing the control serum, were placed m the mechanical shaker for sixti 
minutes All the samples w^ere then immediately subcultured on blood agar, incu- 
bated and subcultured again after tw^enty-four and after forti -eight hours 

The lesults obtained wuth whole blood (table 5) were similai to 
those obtained wuth pure suspensions of white blood cells m seium 
(table 4), in that agitation foi an hour was found to cause the rapid 
destiuction of bacteria No gross difilerence could be obser\ed between 
the tarious types of wdiole blood used provided only the culture was 
shaken foi an houi The whole blood of the patient suffering fiom 
subacute bacterial endocarditis destioied Sti iindans as efficiently as 
the whole blood of the specificalh'^ immunized dog 
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B FACTORS AFFECTING THE GROWTH OF STR VIRIDANS IN yiVO 

1 The Behavioi of Sti Vntdaus in the Blood Sfieam of the Dog — 
While experiments in vitro indicated that whole blood when agitated 
has a marked and rapid bactericidal effect on Str viridans, it seemed 
important to attempt to quantitate this bactericidal effect in the blood 
stream of the living normal dog 

For this purpose Str viridans was injected into four normal dogs, and the 
actual number of bacteria per cubic centimeter of blood was determined every hour 
for three hours and then twenty-four, forty-eight and seventy-two hours after 
the injection 


Table S — Data on Giozvth m Whole Blood in Vitio 



Number of 





Different 

Growth in 

Growth in 

Growth in 

Hedium 

Samples 

1 Hr 

24 Hr 

48 Hr 

Normal whole blood of human adult 

9 

2 

2 

2 

Normal serum of human adult 

9, 

i 

8 

8 

Whole blood from patients with subacute cndo 





carditis 

i* 

1 

1 

1 

Serum from patients uith “ubacute endocarditis 

i* 

i 

4 

4 

Immunized dog a hole blood 

3 

None 

None 

None 

Immunized dog serum 

3 

2 

2 

2 

* In tao of these samples the strcptococei that were added acre 
stream of the patient whose blood serum was used as the medium 

taXcn from 

the blood 


Table 6 — Bactenal Counts for E 

xpcninents Made 

m Vivo 



Dog 1 

Dog 2 

Dogs 

Dog 4 

Number of bacteria given per cc of blood 

Number of bacteria counted per cc 

1,000,009 

1,500,000 

1,000,000 

3,000,000 

■ifter 1 hr 

53 

1,200 

24 

20 

•ifter 2 hr 

12 

1 

2 

1 

After 3 hr 

2 

0 

0 

0 

After 24 hr 

3 

0 

0 

0 

After 48 hr 


0 

0 

0 

After 72 hr 

0 

0 

0 

0 


The results summarized in table 6 indicate that in thiee of the 
four dogs the circulating blood was completely sterilized in two hours 
and that in the fourth dog the bacterial content was markedly reduced 
m this period, although two days was required for the blood stream to 
become completely sterile Unlike the destruction m vitro of Str viridans 
by shaken whole blood or by serum plus white blood cells, the steriliza- 
tion of the blood stream of the living dog may be due to factors other 
than those present in the circulating blood stream itself such as the 
bacterial deposit in ^arlous tissues and the destruction of bacteria by 
the fixed phagocytic cells of the body However, since dog blood in 
vitro showed a similar rapid bactericidal power, it appears likely that 
the sterilizing factors in the living dog are essentially the same as in the 
test tube experiments 
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In all these experiments the action of the white blood cells was 
studied in a medium containing blood serum or plasma, as it is diffi- 
cult to conceive of white blood cells m the In mg animal completelv 
isolated from blood plasma Ne^ ertheless our results show that destruc- 
tion of these bacteria does not occur to any measurable extent m the 
absence of white blood cells In essence, our results support the view 
of Metchnikoff concerning the primary importance of the white blood 
cell A rough computation indicates that on the basis of these animal 
experiments the aAcrage man could easily dispose of more than 
1,000,000,000 bacteria of this Aanety per hour 

2 The Production of Str Vmdans Infection in the Cvculatoiy 
System of the Noinial Dog — I Aorta The results obtained on the 
bactencidal action of blood in the expenments made in \itro and m vivo 
suggested the possibility that infection with Str Mridans might be pro- 
duced in a dog if the organisms could be shielded plwsiologicall} from 
the white blood cells This, we felt, might be accomplished by inserting 
a capsule containing a blood agar focus of Str \ iridans into the blood 
stream and permitting it to float free in the stream, attached by a thread 
to a single part of the wall of the \essel White blood cells would pene- 
trate the capsule only in small numbers, because of the momentum of 
the rapid!}' flowing blood current but fibrin might become attached to 
this foreign body and seiwe as a medium for the continued prolifera- 
tion of the bacteria After numerous trials the following technic was 
de\ eloped 


A small hollow bakelite capsule (measuring approximateh 7 h} 3 mm ), open 
at one end was used The wall of the capsule was 0 5 mm thick and besides the 
opening at the end had about sixteen small perforations (0 5 mm m diameter) else- 
where which permitted contact between the contents of the capsule and the circulat- 
ing blood After the capsule was filled with blood agar culture the open end was 
partial!} closed with a four-ph suture, which eftectueh kept the solid agar in 
situ A perforation in the solid end of the capsule was made for the thread which 
held the capsule in place Throughout this paper a capsule of this t}pe will be 
called an infected capsule 

The infected capsule was inserted into the abdominal aorta just below the renal 
arteries The thread attached to the capsule was fastened into the aortic wall, 
enabling the capsule to float freeh in the blood stream but pre\ enting it from being 
carried aw a} from the site of its insertion At the same time the contact of the 
capsule with the wall of the aorta itself was minimal In se\en normal dogs an 
infected capsule was inserted in this wa} into the aorta b\ a transperitoncal 
approach wuth aseptic precautions and with the use of an anesthetic The de\elop- 
ments after operation were followed, and blood cultures were made e\er} third 
day Autops} was performed m each case and histologic sections of the cohering 
ot the capsule (if present) and its en\ironment were studied 

The results summarized in table 7 reteal that only two of the 
dogs had capsules cotered with fibrin, in the remainder the capsule 
either was hing free in the aorta without.a_co\enng of fibrin or was 
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eml^eddecl in gi anuldtion tissue oiiginatmg irom the aoitic \\cill When 
gianulation tissue enclosed the capsule and white blood cells invaded it, 
no stieptococci could be deinonsti ated (dogs 5 and 7) The continuation 
of bactenal giowth occuiied only in the absence of invasion by gianu- 
lation tissue and white blood cells (dogs 1 and 3) and the most lu\u- 
iiant giowth occuiied when the capsule had a hea^^ coveiing of fibiin 
(figs 1 and 2) ^^fi^lle oiganisms could be demonsti ated post inoitem 
in the capsule in dog 6, the giowth ■\\as so scanty that the oiganisms 
shed into the blood stieam weie too few to give positive blood cultuies 
The findings foi dog 7 aie inteiesting Heie appaiently up to about the 



Fig 1 — The gross appearance of a capsule (C ) co\ creel hv fibrin after icinainnig 
within the aortic lumen ( (A) of dog 3 for ten dd>s 

\ 

tenth day the giowth m the capsule was sufficiently extensive to give 
positive blood cultuies, but aftei this the blood cultuies became steiile, 
piesumably because of the ingiowth of gianulation tissue and white 
blood cells, as demonstrated post moitem This ingiowth between the 
tenth and the twenty-second day was sufficient to sterilize the capsule 
as shown post mortem by the absence of oiganisms (fig 3) 

II Caidiac CaAuty The foiegoing expeiiments weie lepeated 
except that the infected capsule was inserted diiectly into the caidiac 
cavity instead of into the aorta 
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Fig 2 — A microscopic section of the fibrin sunouncling the capsule sho\\n in 
figure 1 Observe the m\riad of cocci, with the absence of white blood cells 
Graiu-Weigert stain, X 960 



Fig 3 — The gross appeal ance of a capsule (C) which became attached to the 
aortic vail after remaining m the aortic lumen of dog 7 for twentj-two da 3 S Note 
the absence of fibiin, the granulation tissue (G) growing from the aortic wall and 
the smooth lining ot the aoita (A) No organisms were present in this capsule 
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A senes of thirteen dogs was used The infected capsules (from one to three) 
were inserted with aseptic precautions directly into the cardiac cavity For this 
purpose a long, pointed hollow steel trocar, 20 cm in length and 3 5 mm m 
diameter, was employed The infected capsule was placed in the hollow tube, and 
a steel plunger (22 cm in length and 1 5 mm in diameter) was used to push the 
capsule half way down the trocar One end of the 36 cm of thread attached to the 
capsule was kept outside the trocar After the trocar had been prepared in this 
way, the dog was anesthetized, and an incision was made in the fourth intercostal 
space 4 cm lateral to the left sternal margin The trocar was inserted through 
this opening until the thrust of the heart was felt against it A quick stab was 
then made, and entrance into the cardiac cavity was indicated by the spurting of 
blood past the capsule and the plunger When blood appeared the plunger was 
quicky thrust m, forcing the capsule into the cardiac cavity , the plunger was then 
carefully withdrawn and the trocar quickly removed The end of thread holding 
the capsule in place was then sewed loosely under the skin Thus, the capsule was 

Tablc 7 — Results Obtained Aftei Insetting an Injected Capsule into the Aotta 


Autopsj Obser\ ntions 


Cog 

No 

Dura 

tion 

of 

Life, 

Cays 

Positive 

Blood 

Cultures 

Cause of 
Ceath 

/ 

ribnn 

Around 

Capsule 

Granu 

latlon 

Tissue 

Around 

Capsule 

Largo 
Number of 
M hite Cells 
in Capsule 
or Fibrin 

Clploeocci 

in 

Capsule 

or 

Fibrin 

1 

5 

3d and 5tli 
dajs 

Rupture of 
aorta 

Piesent 

Absent 

Absent 

Present 

2 

7 

None 

Peritonitis 

Absent 

Absent 

Absent 

Absent 

3 

10 

Gth and 8th 
days 

Killed 

Present 

Absent 

Absent 

Present 

4 

14 

8th, nth and 
14th days 

Intestinal 

obstruction 


(Incomplete autopsj) 


5 

13 

None 

Killed 

Absent 

Present 

Present 

Absent 

G 

IG 

None 

Killed 

Absent 

Absent 

Absent 

Present 

7 

22 

Gth and lOth 
days 

Killed 

Absent 

Present 

Present 

Absent 


free m the cardiac cavity and at least temporarily unattached to the endocardial 
lining, and yet it was prevented by the restraining thread from leaving the cardiac 
chamber With experience the procedure can be carried out quickly and without 
too much loss of blood Occasionally, when a coronary arterj was injured or when 
more than one opening was made in the ventricular wall, death resulted from acute 
pericardial tamponade 

The results in the successful experiments are summarized in table 
8 The data in this table show that every animal which survived longer 
than two days gave a positive blood culture after the second day This 
IS contrary to the findings obtained by us when a single massive dose of 
the organism was injected into the blood stream of the dog None of the 
dogs died of the Str vindans infection directly but of some complica- 
tion Figures 4 to 7 show the gioss appearance of the capsules 

10 Several dogs succumbed to septicemia due to a mixed infection, a gram- 
positive rod-shaped anaerobic bacillus being found in the capsule in addition to 
the streptococcus This bacillus, which w'e have found to be a common secondarj 
invader m the dog, was not present when the infected capsule was inserted 
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Fig 4 — The appearance of a capsule covered by a thioinbus aftei one day iir 
the left \entricular cavity of dog 8 The capsule is completely suiiounded by 
thiombus and lies undei the chordae tendineae of the mitial Aalve 



Fig 5 — The appearance of two capsules covered by fibrin after foui dajs in 
the left ^entncular cavitj of dog 11 One capsule is seen to be embedded in the 
mmal endocaraium beneath the chordae tendmeae of the mitral valve, the other 
IS free in the cavitj of the heait 
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Fig 6 — The gross appearance of a capsule coveied by fibiin (indicated bj^ 
allow) aftei si\ davs in the left lentricular cavity of dog 12 The capsule is. 
completely sui rounded b> fibrin 



Fig 7 — The appearance of two capsules co\ered by fibrin (indicated by arrows) 
attci t\\ entj'-eight da}s in the left \entricular canty of dog 16 Obserie the 
thickening of the chordae tendmeae and the presence of mural mvohement The 
capsules aie tree in the cavity of the heart 
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covered with fibrin and thrombus m the hearts of four animals, dogs 
8, 11, 12 and 16, respectively These are typical of the rest, except 
that in dog 9 the capsule remained free in the cavity for one day without 
deposition of fibrin 

Figures 4 to 7 show that the amount of the deposit of fibiin was not 
always related to the duration of time The fibrin coveiing the capsule 
after four days was almost as extensive as that covering the capsule 
after t\\enty-eight days (compaie figs 5 and 7) This is further borne 
out by the one day old capsule (fig 4) which had evoked a thrombus with 
a greater deposit of fibrin than that caused by many of the other 
capsules, despite its shoit residence in the heart The size of the deposit 
of fibrin appealing on the mural endocardium, howevei, seemed to 
depend on the length of time the capsule was in place Histologically, 



Fig 8 — The micioscopic appeal ance of fibiin covering a capsule which had 
been in the left ventiiculai cavity of dog 16 for twenty-eight days A colony of 
diplococci can be seen Notice the scarcity of polymorphonuclear leukocytes 
Gram-Weigert stain, X 1,300 

the fibrin covering the free-floating capsule showed occasional white 
blood cells, an occasional accumulation of red blood cells and, diffusely 
spread through the fibrin, gram-positive diplococci Figure 8 shows 
the typical microscopic appearance of the fibrin covering a capsule within 
the cardiac cavity (dog 16) 

The experience with infected capsules in the cardiac cavity is m 
accord with that with infected capsules in the aorta Fibrin formation, 
however, was greater in the heart than in the aorta, probably because in 
the heart more eddies are present and the flow is intermittent This 
apparently also accounts for the greatei ceitainty of development of 
infection in the latter site 
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3 Conipaiison of the Reaction of the Caidiac Valves to Sti Vvidani 
with That of Othei Tissues — Three of the dogs in the preceding series 
showed infected vegetations pioduced by contact with an infected cap- 
sule, one on the tricuspid (dog 13), one on the mitial (dog 17) and 
one on the aortic valve (dog 19) Fuitheimoie in the course of some 



Fig 9 — The micrcsccpic appearance of a \alvular vegetation produced by 
repeated uitravenous inoculation of Str viridans into dog 21 Note the relative 
paucity of polymorphonuclear cells in the fibrocytic proliferating' tissue of the ralve 
underlying the vegetation and the large densely stained masses composed of bacteria 
in the vegetation and valvular fringe Hematoxylin and ecsin stain , X 560 

experiments m which an attempt ■was made to infect sterile capsules 
inserted in the blood stream by repeating massive intia\enous injections 
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ot Str Miidans (two oi thiee injections of 500 000,000 liacteria pu 
\\eek for a month), tuo of the three animals showed an infected 
\egetation on one of the cusps of the aortic valve (dogs 21 and 22) “ 
All these Aegetations, regaidless of oiigin, on histologic examina- 
tion were show n to consist of fibi in, colonies of diplococci and scattered 
white and red blood cells The substance of the valve itself dnecth 
beneath the A'egetation showed a piohferative reaction, but the striking 
feature w^as the desultory and indifterent polymoi phonuclear i espouse 
The polymorphonucleai leukoc 3 'tes scatteied in the vegetation boie no 
apparent relation to the bacterial colonies and ajipeaied to have been 



Fig 10 — The microscopic appearance of a vegetation produced by intravenous 
inoculation of Str viridans into dog 22 Note the absence of polv niorphonuclear 
leukocvtes in the fibrin meshes and the presence of bacterial chains and clumps 
Gram-Weigert stain, X 960 

caught as the fibrin was deposited The typical illustiations shown in 
figures 9 and 10 indicate cleail} the paucity of polymorphonucleai leuko- 
cjtes both 111 the valvular base and in the fibrin vegetations The 
results indicate that the valves of the heart do not lespond to Sti 
viridans infection with an inflammation chaiacteiized by an accumula- 
tion of polymorphonuclear leukocvtes but show pi edominantly a pro- 
liferative endothelial leukocvtic reaction 


11 This procedure, however failed to infect the sterile capsules 
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In the comse of these expeiiments data weie obtained on the leac- 
tion of othei tissues to an infected focus In two animals into A\hich 
moie than one infected capsule was intioduced contact uas made not 
only with a cusp of a valve hut at the same time uith othei stiuctuies 
Thus, in dog 13, in which an infected capsule became adheient to the 



Fig 11 — The micioscopic appearance of the valvular substance (C) undeilying 
an infected vegetation {A) produced by infected capsulai contact in dog 19 Note 
the dense masses of bacteiia {B) and the relative absence of pobnnorphonucleai 
leukocytes, both in the vegetation itself and in the valvular substance iinmediateh" 
adjacent to the -vegetation Hematoxjdin and eosin stain, X 660 

tricuspid valve, causing the development of vegetation, a second infected 
capsule became attached to the peiicaidium In dog 19, in which an 
infected capsule that w as lodged in the sinus of Valsalva became adherent 
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to the con esponding aortic cusp and caused the growth of vegetation, 
a second infected capsule became attached to the pericardium, and a 
third infected capsule, to the inner wall of the left ventricle (in contact 
with the myocardium and the endocardium) There was a striking 
contrast between the fate of the capsule attached to the valve and that 
of the capsule m the other localities 

In dog 13 the polymorphonuclear reaction m the valvular base of the 
vegetation was negligible, although there was some endothelial leukocytic 
proliferation The vegetations themselves contained few polymor- 
phonuclear cells, and those that w'ere present were not m the neigh- 
borhood of the bacteiial colonies In contrast with this valvular reaction, 
the infected capsule in the pencaidium of this dog caused an intense 



Fig 12 — The microscopic appearance of a section of the myocardium of dog 19 
immediately underlying a second infected capsule Note the marked accumulation 
of polymorphonuclear leukocytes in this area and the many fibroblasts Hema- 
toxylin and eosin stain, X 660 

polymorphonuclear reaction, with fibroblastic piohferation and the 
formation of new blood vessels, and it was obvious that the lesion tvas 
being walled off and healed 

In dog 19, ■while the valvular lesion showed the typical reaction, as 
just described (fig 11), both the capsule m the myocardium and that in 
the pericardium evoked a tremendous accumulation of polymoi phonu- 
clear leukocjTes and fibroblasts and the formation of new blood vessels 
It was obvious that healing w^as taking place in these capsules (figs 12 
and 13) 

This type of leaction ivas not evoked by sterile capsules For 
example, in dog 24 a sterile capsule wdnch w as placed in contact with the 
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inner wall of the left ventricle elicited mainly a fibroblastic leaction 
(fig 14) 

The occurrence of a leaction in the myocardium in the presence of 
an infected capsule suggested that complete healing probably would have 
taken place in this region This impression was confirmed by further 
experiments An infected capsule was inserted into each of five dogs 
(dogs 25 to 29) so as to be completely sui rounded by myocardial tis- 
sue Blood cultures were made every third day, and the animals were 
killed sometime between the ninth and the eighteenth day after insertion 
of the capsule None of these dogs gave a positive blood culture, 



Fig 13 — The microscopic appeaiance of a section of the pericai chum of dog 19 
surrounding a third infected capsule Note the tremendous accumulation of pofi^- 
morphonuclear leukocytes and fibroblasts and the concomitant formation of new 
blood vessels Hematoxylin and eosm stain , X 560 

and none showed the slightest ill effect At autopsy each capsule was 
covered by a firm sheath of tissue, which separated it fiom the healthy- 
appearing muscle tissue Theie was no indication of spread of the 
infection in any of these animals The histologic examination of the 
youngest capsulai insertion (nine days old) revealed many polymoipho- 
nucleai leukocytes within it and a fibioblastic wall forming aiound it to 
wall It off (fig 15) Examination of the oldest capsulai inseition 
(eighteen days) revealed considei abl)^ fewer polymorphonuclear cells 
but a more extensive and densei -apiDeai mg fibioblastic encapsulation, 









Fig 14 — The microscopic appearance of a section of the mvocardium of clog 
24, which had a sterile capsule in the same position as m dog 19 (fig 12) 
Hematowlm and eosm stain , X 660 



Fig 15 — The microscopic appearance of the myocardial i espouse to an infected 
capsule after nine days within the myocardium of dog 25 Note the accumulation 
of polynioi phonuclear leukocytes, the formation of new blood vessels and the 
ingrowth of fibroblasts Hematoxylin and eosm stain X 660 
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^\lth no oiganisins obsened within the aiea enclosed The other animals 
showed pictuies intei mediate between these two It is cleai that the 
intected capsule intioduced into the caidiac muscle was walled oft and 
lendeied steiile 

Similai stei ihzation and letikoc} tic infilti ation occui i ed w ithin 
twent}-foui houis aftei the injection of Sti Mridans subcutaneousl} 
into anothei dog, this w^as demonstrated by biopsy The leaction of 
the pleuia to an infected capsule m one animal examined post moitem 
was similai to that obseived m the pericaidium Steiile capsules mseited 
into the pleui a w ere obserA ed post mortem to have caused onl} a fibi o- 
blastic leaction such as that noted Avhen a sterile capsule had been 
placed within the nwocaidium 

COMMCNT ON RESLLTS 

Oul lesults show that 1 Sti Airidans can giow m blood that is 
flee fiom Avhite blood cells 2 This giowhli is paiticularly peisistent on 
fibrin 3 When wdute blood cells m seium aie bi ought m contact with 
the oiganisms and kept there b)'^ continued agitation the cultme is 
sterilized 

A loiigh calculation on the assumption that human blood acts quan- 
titatively 111 vno as It does m vitio, indicates that m the patient with 
Sti Airidans infection the blood stream can be cleared of oiganisms 
at the iate*of 1 000 000 000 pei houi In this connection it is inteiest- 
ing to note that positive blood cultuies were obtained constantly by 
Hamman and Rienhoff’" for a patient wuth subacute infection wuth 
Sti Aiiidans located on a femoral aiteiiovenous aneurysm, each cultuie 
gning from tiAenty to fifty colonies per cubic centimetei of blood 
HowcAcr, the blood culture made tw'^o houis aftei the infected focus 
was remoAed AAas steiile, and cultures on six successive days also AA^ere 
steiile The time of disappeaiance m this case is of the older found m 
oui expel iments on dogs to AAduch huge doses of Sti Auiidans Aveie 
giA en 

Oui lesults shoAV that the oiganism aviII giOAv in Autio in serum 
obtained fiom noimal adults, fiom patients Avith subacute bacteiial 
endocaiditis, from noimal dogs and fiom dogs immunized to the strain 
of Str viiidans No detectable gross difteience could be demonstrated 
in the gioAAth in the A’^aiious serums The immune piopeities of the 
blood serum theiefore play a much less impoitant role m the destiuction 
of this bacteiium than is commonly accepted This is suppoited by the 
fact that no gross difterence could be demonstrated in Aitro in the 
sterilizing action of agitated AAdiole blood fiom the same four souices 

12 Hamman, L , and Rienhoff W J , Ji Bull Johns Hopkins Hosp 57 
219, 1935 
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Our results show that a focus infected wuth Str vnidans will giow 
in VIVO in the blood stream of the normal dog, piovided it is piotected 
fiom the action of white blood cells Undei these circumstances bac- 
teiemia is started which will last foi seveial weeks oi more With the 
deposition of fibiin aiound the focus an active subacute infection 
with Str vnidans can be established in a previously normal dog The 
opportilnity foi the deposit of fibiin was found to be greater in a focus 
111 the caidiac cavity than in one in the aoitic blood stream Other 
factois besides the time of lesidence determine the amount of fibiin 
deposited on the infected focus in the cardiac cavity In time the foci 
in the cardiac cavity showed extension of the infection on to the chordae 
tendineae, muial endocaidium and valves, appaiently by contact With 
the establishment of the focus in the caidiac cavit}", some of the animals 
died of emboli oi as the result of an overwhelming mixed septicemia 

In seveial animals vegetations weie pioduced on the cardiac valves 
both by contact wnth the infected focus and by lepeated massive intra- 
venous injections of the organism Infected foci were also placed in the 
myocaidium, pencaidium, pleura and aortic w^all and subcutaneously 
some times in the same animal having an infected focus in the cardiac 
cavity 01 in a valve In every instance the infection on the valve per- 
sisted, and in every instance the infection was sterilized m the other 
localities The clue to the difference wms observed on histologic examina- 
tion to depend on a difference in tissue response to the infection on the 
valve and elsewdiere m the body 

On the valve theie w'as a dearth of leukocytes, and the reaction was 
prohfeiative, with few lymphocytes and only an occasional polymor- 
phonuclear leukocyte Consequently, the organisms w’^ere plentiful in 
the fibiin mesh Even the portion of valve underlying the vegetation 
exhibited few polymorphonucleai leukocytes In the vegetation the few 
leukocytes present w^ere not close to the bacteiial colonies but seemed 
to have been tiapped as the fibrin mesh was laid down The appearance 
of the valvular vegetation was like that of the fibrin-enclosed capsule 
within the blood stieam The fibrin in both localities acted to isolate 
the bacteria from the white blood cells of the blood stream, peimitting 
them to grow and pioduce bacteremia 

In human beings the state of affairs lepoited both for the early 
lesion and for the fully developed vegetation is in accord wnth that 
noted by us in animals Thus, Jaffe in his excellent description of 
the pathologic pictuie of eaily subacute endocarditis, emphasized that 
the early changes m the human valve infected wnth Str vindans are 
proliferative, the cells being prohfeiative, and that at fiist few, if anj 
polymoi phonuclear leukocytes ai e seen Siegmund also has called atten- 

13 Jaffe, R H Virchows Arch f path Anat 287 379, 1932 

14 Siegmund, H Virchows Arch f path Anat 290 3, 1933 



FRIEDMAN ET AL —EXPERIMENTAL ENDOCARDITIS 117 


tion to this pioliferation of subendothelial cells follo\Mng injury of 
the valve Harbitz ° and W right/’’ in desci ibing the fully developed 
vegetation caused by this organism, called attention to the fibiin mass, 
containing bacteria in abundance in the peripber}’, with only a few 
white blood cells m the same region 

In othei sites than the valves oi blood stieam the leaction was 
observed to be different The infected focus caused a maiked tissue 
response, consisting of the formation of gianulation tissue containing 
fibi oblasts and newly foimed blood vessels, which tended to vail off 
the focus, and, m addition, an abundant invasion of polymoiphonncleai 
luekocytes The lesult was destiuction of the bacteiia, sterilization 
of the focus and eventual healing and scai foimation Foci in these 
localities did not give positive blood cultures or signs of infection This 
response to an infected capsule occuired in animals even when a second 
focus 111 the caidiac cavity or on the valve grew and established bac- 
teremia and infection Steiile capsules caused mainly a fibroblastic 
reaction 

It appeals from these results that the response of the tissue in 
which the bacterium is deposited detei mines whether it will glow oi 
be destroyed On the basis of our work, the balance seems to depend 
on whether or not polymorphonuclear leukocytes invade the focus m 
large numbers The deposition of fibrin acts as a bai rier to white blood 
cells and as an excellent medium for bacteiial giowth Theie is there- 
fore no need to invoke the hypothesis that the infection persists because 
the organism acquires a resistance to the destructive elements in the 
blood or because the white blood cells lose their power to destroy the 
bacterium The growth of Str viridans is seemingly dependent on simple 
biologic and physiologic processes 

SUMMARY 

Experiments in vitro established the fact that the strains of Str 
vindans used in these experiments can grow in the serum (a) of normal 
adults, (b) of patients with subacute bacterial endocarditis, (c) of 
normal dogs and (d) of dogs specifically immunized against the pai- 
ticular strains used 

Experiments in vitro established the fact that Sti vindans can giow 
(a) in a serum suspension of red blood cells and (b) luxuiiantly on 
fibrin 

Experiments in vitio established the fact that Str vindans will not 
giov (a) in a serum suspension of Avhite blood cells or {b) in piactically 

15 The presence of collections of polymorphonuclear leukocytes in the myo- 
cardium of patients with subacute bacterial endocarditis following coronar}" emboli 
has been reported bj^ O Saphir (Am J Path 11 143 1935) 
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any sample of whole blood, legaidless of souice, provided constant 
pi oti acted agitation is earned out (The souices of the samples of whole 
blood used were the same as those enumeiated in the fiist jiaiagraph 
of this summary ) 

It IS concluded from oui data that white blood cells plus serum 
aie the eftective agents m destroying Sti Mridans in the blood stieani 
Animal expeiiments show'' that this is accomplished often w'lthin two 
hours and calculations indicate that on this basis human blood can 
destroy approximately 1,000,000,000 Str vindans per hour A'anation 
111 the immunologic piopeities of the serum appeal to pla} little part in 
this destiuction 

A simple, rapid, consistent method of producing a focus of Sti 
Miidans 111 the caidiac cant) experimentally is described The pio- 
duction of infected legetations on the leaflets of the caidiac valves is 
lepoited, and the fate of foci of Str vindans implanted in the aoitic 
w'all, niyocardium peiicardium, pleura and subcutaneous tissue is 
desci ibed 

It IS shown that the reaction of the valvular leaflet to Sti vindans 
IS difterent from that of othei tissues of the liody The eaily i espouse 
of the calve is prohfeiatne wutli little or no blood vessel or leukocytic 
incasion, fibrin is deposited on the cegetation, and bacterial giowdh 
flourishes in it Elsewhere, except m some foci in the blood sti earn, 
t}pical granulation tissue sui rounds the infected focus and w'alls it oft 
This is preceded by leukoc}tic invasion of the focus which sterilizes 
it Healing takes place and eventually a scai is formed When multiple 
foci of bacteria are introduced into one dog the sterilizing and healing 
reaction occurs at all sites except on the valve At the same time that 
steiihzation and healing occur in the other sites the focus on the cahe 
enlaiges by deposition of fibiin and infects the animal 

It IS concluded that the sluggish inflammatory reaction of the valve 
is responsible for the earl} development of the infection 

It IS concluded that the infection persists in the valve and in the 
capsule in the blood stream not only because the deposit of fibiin 
exceeds the in\asion of wdute blood cells but because the fibiin ofteis 
an excellent medium foi growUh No evidence w'as obseived in these 
expeiiments that the bacterium accjuires lesistance to the action of 
w'hite blood cells or that the lattei lose their power to destroy the 
oigamsm Ultimatel} the fate of the infected focus seems to be deter- 
mined b} the balance of fibrin deposited and of granulation tissue 
ingrowth The grow'th of Str Mridans theief ore, is seemingly dependent 
on these simple biologic and physiologic processes 

Dr Otto Sapbir, of the Department of Patholog^', checked our histologic 
interpretations 



EXPERIMENTAL PEPTIC ULCER PRODUCED 
BY CIXCHOPHEN 


JESSE L BOLLMAN, MD 

LEONARD K STALKER, A'l D 
Fellow 111 Surgerv, the Ma\o Foundation 

AND 

FRANK C MANN, MD 

ROCHFSTER, MINN 

TJie administiation of cmchophen is an eftectne method for pio- 
ducing chronic peptic tilcei m dogs It ma} lie said that the method is 
imifoimly successful, depending on thiee conditions, the} are (1) 
sufficient cmchophen administered ovei (2) a sufficient penod to dogs 
which (3) take food ever} da} Surgical alteiation of the gastio- 
intestmal tiact is not necessary foi the production of this t}pe of tilcei 
The chionic ulcei is usually single and appears m the same legion of 
the stomach m which it is noted in man nameh on the posterioi wall 
neai the lessei cur-\ature and between the mcisura and the pyloius 
Infiequently an ulcer is seen on the anteiioi wall and none has been 
noted on the gieatei cuivature Duodenal ulcei occuis laiel} and has 
been noted onh m association with a laigei gastiic ulcei The ulcei 
begins to heal with the discontinuation of administration of cmchophen 
and usual!} is completely healed within three oi foui weeks 

It is mteiestmg to note that this t}pe of expeiimental ulcei is pie- 
ceded by acute gastiitis, with multiple erosions In most of our expeii- 
ments gastiitis has been a more prominent feature than it appears to 
be in association with the spontaneous ulcer occiiirmg m man This 
diflfeience may be explained by the greatei intensity of the procebscs 
employed experimentall} , and it should be noted that expeiimental gas- 
tritis may be gieatly reduced by lessening the amount of cmchophen 
administered A chionic gastric ulcer ma} then occur in the presence 
of extremely mild gastritis which has been piesent for a longei time 
The moie complete evaluation of the factois concerned m the formation 
and healing of experimental ulcer should enable one to coi relate more 
adequate!} than befoie the known facts concerning both expeiimental 
and clinical ulcei It is obvious that the main additional factors which 

From the Dnision of ENpenmental Medicine, the Majo Foundation 
Read before the Section on Gastro-EnterologA and Proctology at the Eigliti- 
Eighth Annual Session of the American Medical Association Atlantic Clt^ N J 
Tune 9, 1937 



120 


ARCHIVES OF INIERNAL MEDICINE 


are present in the development and healing of ulcei in man preclude the 
direct application in then entiiety of the results of experimental studies 
of ulcer to the condition as it occurs in man However, ei rors made in 
the coi relation of expeiimental and clinical observations arise from lack 
of detailed information concerning the factors involved rathei than from 
any essential difference in the pathologic process 

Although cmchophen (atophan) was first piepaied in 1887, gastric 
ulcei was not noted after its lepeated administration until 1931, by 
Chui chill and Van Wagonei The)' noted gastric ulcers m an exami- 
nation of five of SIX dogs which had received cmchophen In a more 
extensive study Van Wagoner and ChurchilH (1932) pioduced acute 
and chronic peptic ulcers in dogs by the daily oral administration of 
cmchophen m amounts up to twenty-seven times the therapeutic dose 
foi man Single ulcers were seen, but multiple ulcers weie fiequently 
observed The ulcers were m the gastiic pathway near, or on, the lesser 
curvature Duodenal ulceration occurred only m association with gastric 
ulceration Chui chill and Manshardt ® (1933) produced gastric ulcer m 
dogs by daily injection of cmchophen into an isolated loop of jejunum 
They demonstrated that the ulcer was not caused by local toxic action 
of the diug directly on the gastiic mucosa Shoji * (1933) gave cincho- 
phen internally and parenteially to rabbits and dogs He noted only 
gastritis in the rabbits, but both gastritis and ulcer occurred in the dogs 
Barbour and Fisk® (1933) and Bollman and Mann ° (1935) also noted 
gastric ulcer occuirmg in dogs after admmistiation of cmchophen 
Hanke ^ (1934) produced gastritis and ulceration of the stomach in cats 

1 Churchill, T P , and V an Wagoner, F H Cmchophen Poisoning, Proc 
Soc Exper Biol & Med 28 581-582 (March) 1931 

2 Van Wagoner, F H, and Churchill, T P Production of Gastric and 
Duodenal Ulcers in Experimental Cmchoplien Poisoning Preliminary Report, 
J A M A 99 1859-1860 (Nov 26) 1932, Production of Gastric and Duodenal 
Ulcers m Experimental Cmchophen Poisoning of Dogs, Arch Path 14 860-869 
(Dec) 1932 

3 Churchill, T P , and Manshardt, D O Experimental Production of 
Gastric and Duodenal Ulcers in Dogs m Cmchophen Poisoning, Proc Soc Exper 
Biol & Med 30 825-827 (April) 1933 

4 Shoji, Arata Ueber den Emfluss von Atophan auf die mneren Organe 
von Kanmchen und Hund, mit besonderer Berucksichtigung der Magenschleimhaut, 
Tr Soc path jap 23 520-522, 1933 

5 Barbour, H G, and Fisk, M E Liver Damage m Dogs and Rats 
After Repeated Oral Administration of Cmchophen, Ethyl Ester of Paramethyl- 
Phenylcmchonmic Acid (Tolysm) and Sodium Salicylate, J Pharmacol S. 
Exper Therap 48 341-357 (July) 1933 

6 Bollman, J L , and Mann, F C Experimental Production of Gastric 
Ulcers, Proc Staff Meet, Mayo Clin 10 580-582 (Sept 11) 1935 

7 Hanke, Hans Ueber experimentelle akute Atophanylgastritis als Erschein- 
ungsform einer vorwiegend toxisch bedmgten Gastritis, Beitr z path Anat u z 
allg Path 94 313-331 (Dec ) 1934 
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aftei subcutaneous injection of cinchophen Schwartz and Snnonds ® 
(1935) also observed ulcei in cats, but no ulcei was obsei\ed in rabbits 
01 guinea pigs 

Dodds and his co-w^oi kei s '* (1934 and 1935) demonstrated some 
interesting lesults followung pai enteral and oral administration of an 
extiact of the posteiior lobe of the pituitary gland Aftei a single large 
dose of the extract, seveie gastiitis, ivith an ulcerative process involving 
the entile acid-bearing portion of the stomach, was consistently produced 
111 cats Repeated smallei doses produced a chronic gastric ulcer The 
authois suggested that this ulcei might be attributable to a gastrotoxic 
factor 111 the extract which is specific foi the acid-secreting portion of 
the stomach 

Reid and Ivy (1936) administered gastiic mucin, 30 Gin twice 
daily, to dogs which also received cinchophen In all the dogs which 
leceived only cinchophen, gasti oduodenal ulcer developed in from seven 
to fift 3 '’-nme da 3 S Ulcei was produced in but 18 per cent of the animals 
which received mucin and which weie maintained sixty or eight 3 ^ days, 
receiving the same amount of cinchophen as the control animals In 
addition, the animals which leceived mucin appealed to be moie lesistant 
to the acute toxic effects of the diug 

METHODS OF INVESTIGATION 

Normal dogs which received routine kennel care and a maintenance diet com- 
posed of ground meat, cracker meal and evaporated milk were used in these experi- 
ments A capsule containing cinchophen, usually from 100 to 200 mg for each 
kilogram of body weight, was given orally to each animal once daily, usually in the 
morning, at the same time that food was given In later experiments it appeared 
that chronic gastric ulcer was somewhat more uniformly produced if cinchophen 
was given for four consecutive days, followed by a period of rest of three days, 
with continuation of the diet Both the diet and the administration of cinchophen 
were varied, as was indicated in the various tj'pes of experiments All surgical 
procedures were performed while the animals were under surgical narcosis induced 
by ether, and an aseptic technic was carefully employed At the termination of the 
experiment the animals were killed with ether These and the dogs that died were 
examined completely, and gross and microscopic examination was made of the 
demonstrable lesions 

8 Schwartz, S O , and Simonds, J P Peptic Ulcers Produced by Feeding 
Cinchophen to Mammals Other Than the Dog, Proc Soc Exper Biol & Med 
32 1133-1134 (April) 1935 

9^ Dodds, E C , Noble, R L , and Smith, E R A Gastric Lesion Produced 
by an Extract of the Pituitary Gland, Lancet 2 918-919 (Oct 27) 1934 Dodds, 
E C , Hills, G M , Noble, R L, and Williams, P C The Posterior Lobe 
of the Pituitary Gland Its Relationship to the Stomach and to the Blood 
Picture, ibid 1 1099-1100 (May 11) 1935 

10 Reid, P E , and Iv 3 % A C Gastric Mucin a Proplwlactic Against Gastro- 
Duodenal Ulcers and “Acute” Toxicity Resulting from Cinchophen, Proc Soc 
Exper Biol & Med 34 142-144 (March) 1936 
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Covniient — The onh lesions othei than those of the stomach and 
cluodennm that Aveie noted weie obser\ed cluiing the fiist ten da)s of 
administration of cmchophen Dining this time a toxic condition 
usually developed, but it subsided after the fiist few da}s The liver 
and kidneys of some animals killed during the initial stage of toxicit) 
weie slightly yellow A variable degiee of ^aciiolation of the hepatic 
cells and of the tubulai epithelium of the kidneys was obseived Occa- 
sionally cloud} swelling was seen in the Iner, and the degiee of these 
changes appealed to be i elated to the degree of toxemia which had been 
pioduced by the dose of cinchophen No gioss or micioscopic changes 
weie noted in the other oigans At no time was jaundice obseived, nor 
did the stiuctural fiamework of the liver appear alteied The oigans 
of the animals killed aftei the administration ot cinchophen foi fioin 
thiity to six hundred and thiit} days appealed noimal both giosslv and 
micioscopically except foi the gastroduodenal lesions 

THE CINCHOPHEN ELCER 

We found that feeding cinchophen will produce cluonic peptic ulcei 
m nearly all dogs The ulcer was usually single and was situated on the 
lessei cuivatuie or on the posteiioi wall m the pjloric legion (90 pei 
cent) In about 35 per cent theie weie associated acute or subacute 
ulcei s, which weie frequently contact ulcers, situated just opposite and 
bejond the ulcer of the posteiior wall Associated duodenal ulcei s of 
this t)pe weie obseived in about 10 pei cent of cases Perfoiation of 
about 40 per cent of the chionic ulcei s had occuiied, but the lesult 
of perfoiation was death in only about half the gioup m which peifora- 
tion occuiied In the group in which the result was not death pel foi a- 
tion into the pancreas, liver, sjjleen oi adjacent bouel had occuiied 
In about 30 per cent theie was evidence of gross hemoiihage fioiu the 
base of the ulcer , in a few cases this appeal ed to be the immediate cause 
of death 

Duimg the course of administration of cinchophen ceitain signs 
and symptoms appealed to be characteristic Dining the fiist few days 
the dogs appealed someiihat toxic, especially fiom one to six horns 
after administi ation of the diug At these times they appeared stuporous 
but could be roused with little difficulty If the animals lefused food 
and administi ation of cinchophen was continued, the intoxication became 
moie maiked, but the incidence of formation of ulcei was definiteh 
deci eased Aftei a few dajs the animal again appealed noimal foi a 
shoit period Usually dm mg the second week emesis, as a lule of mdd 
degiee, occurred, and at about the same time tariy diaiihea of Aaiiable 

11 Stalker, L K , Bollman J L and Mann F C Effect of Cmchoplien 
on tlie Liver and Other Tissues of the Dog, Proc Soc Exper Biol S, Med 
35 158-160 (Oct) 1936 
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but inci easing se^ enty was noted An ulcer was not noted before tarry 
stools had been observed, and it was almost ahvays noted after this 
symptom had appeared Some degree of anorexia and anemia usually 
was noted at this time, and often some loss of weight and decline m 
liveliness of the animal were noted Death from perforation of the 
ulcer, or from hemorihage, occurs more fiequently during this stage 
of the procedure than during other stages, but m the absence of these 
complications the animals could be maintained for several months with- 
out much change m the appearance of the chronic ulcer With the dis- 
continuation of administration of cmchophen the animals lapidly 
leturned to a normal-appearing condition 

Study of the stomachs removed from animals after varying periods 
of administration of cmchophen indicated the progression which occurs 
111 the foimation of this type of ulcer Within the first few days the 
entire stomach appears somewhat edematous and hemorrhagic, and the 
mucosa is moi e or less covered with small linear hemorrhagic erosions , 
usually along the lesser curvature appear several superficial, clean- 
appearing, punched-out mucosal ulcerations which may be more than 
1 cm in diametei They raiely extend deeper than the musculans 
mucosae About one week later the hemorrhagic character of the gastric 
lesions IS less marked, but there aie numerous clean, superficial ulcera- 
tions of the fundic mucosa In about another week the acute gastritis 
seems to have almost completely disappeared, and the number of acute 
ulcerations has greatly diminished At this time a single, or at times 
a multiple, ulceration of the pyloric region appears marked The lesions 
have a punched-out appearance and a necrotic base, although at this 
time the surrounding induration is not maiked Later the acutely ulcer- 
ated areas almost completely disappear, and the typical-appearing chronic 
ulcer remains on the posterior wall near the lesser curvature in the 
pylorus Often the ulcer may be seen from the serosal surface as a group 
of fine, white radiating lines of fibrosis passing outward from the reddish 
center of the base of the ulcer 

Peptic ulcer caused by cmchophen heals in the same way as the 
experimental peptic ulcer described by Mann (1925) and the ulcer in 
man described by Caylor (1926) Within three days after discon- 
tinuation of administration of cmchophen the layer of necrotic tissue 

12 Stalker, L K , Bollman, J L, and Mann, F C Experimental Peptic 
Ulcer Produced by Cmchophen Methods of Production, the Effect of a 
Mechanical Irritant and the Life History of the Ulcer, Arch Surg 35 290-308 
(Aug ) 1937 

13 Mann, F C Production and Healing of Peptic Ulcer An Experimental 
Study, Minnesota Med 8 638-640 (Oct ) 1925 

14 Caylor, H D Healing of Gastric Ulcer in Man, Ann Surg 83 350- 
356 (March) 1926 
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over the base of the ulcei disappeais Within the next week the base 
of the ulcer is consideiably elevated by the ingrowth of vascular gran- 
ulation tissue, and a thin layer of peaily gray epithelium can be seen 
growing in from the sides of the ulcerated area A few days latei the 
granulation tissues are covered with a thin layer of epithelium, some- 
what like normal gastric mucosa, which rapidl}- forms vilh The 
damaged muscular la3mrs are at the same time replaced by fibrosis, and 
within four or five weeks complete healing has occuried In place of 
the ulcer there is present a scar-filled excavation covered by a slightly 
atypical epithelium 

Peptic ulcer similai to that already desciibed was pioduced by 
methods of administration of cinchophen m which the drug was not in 
direct contact with the gastric mucosa Cinchophen administered in oil 
through a catheter inserted thiough a fistula into the jejunum oi ileum 
produced gastric ulcer in dogs Rectal administration produced similar 
results Gastric ulcei was also produced after intravenous injections 
of a sodium salt of cinchophen and also by subcutaneous injections of 
cinchophen suspended in oil In another group of dogs a Heidenham 
pouch was made from an isolated portion of the fundus of the stomach 
After the oral administration of cinchophen, acute and subacute per- 
forating ulcers were piesent m the isolated pouch, which had not come 
in contact with the drug In the stomach proper was a superficial ulcer- 
ation which appealed to be less extensive than that usually seen in the 
unaltered stomach after similai exposure to cinchophen 

INFLUENCE OF CINCHOPHEN ON GASTRIC SECRETION 

Studies made of gastric acidity by fractional analysis after a meal 
of meat before, during and after periods of administration of cincho- 
phen failed to show any significant change in the level of gastric acidity 
produced by this stimulus The secretion obtained just prior to feed- 
ing was frequently found to be of much greater volume and somewhat 
more acid during the periods of administration of cinchophen Similar 
studies of the gastric secretion after subcutaneous injection of histamine 
failed to show significant changes m the acidity of the gastric juice 
Secretion during fasting appeared to be definitely increased by cincho- 
phen, and the total volume of gastric juice secreted after stimulation 
by histamine was found to be increased about twofold during the 
periods of administration of cinchophen This increase appealed to be 
gradual, beginning after a few days of administration of cinchophen, and 
a definite peptic ulcer was always observed to be present when the 
volume of the secretion had reached its maximum This hypersecretion 

15 Stalker, L K , Bollman, J L , and Mann, F C Effect of Cinchophen 
on the Gastric Secretion An Experimental Study, Arch Surg, 34 1172-1178 
(June) 1937 
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decreased rapidly when administration of the drug was discontinued, 
and it also was found to decrease markedly after an ulcer had been 
established, even though administration of the drug was continued The 
activity of pepsin secreted by the stomach was not significantly altered 
by administration of cinchophen 

Studies of the fundic secretion from a Heidenhain pouch were quite 
comparable to those of the entire gastric secretion Fractional analysis 
of the secretion from the pouch after a test meal disclosed no change 
in the concentration of the acid secreted, but the period of secretion 
was longer and more persistent during the first few days of adminis- 
tration of cinchophen The total daily secretion was two or three times 
greater than the amount found before cinchophen was given After the 
first few days ulceration of the pouch was present, and the contents 
were frequently contaminated with blood, but there appeared to be defi- 
nite reduction in the volume of gastric juice secreted after ulceration 
was established Ulcers appeared to form more rapidly in the acid- 
secreting pouch than in the stomach proper We attributed this to the 
fact that some free acid was constantly present in the pouch and, m 
addition, there was little or no alkalinizing mechanism 

More than 90 per cent of the chronic ulcers that developed after 
the administration of cinchophen were m the pyloric region, which has 
an alkaline secretion, in contrast to the acid secretion of the rest of the 
stomach After surgical exclusion of the pyloric segment of the stomach 
we were unable to produce ulceration m this area after administration 
of cinchophen In other animals the excluded pyloric segment was made 
larger so that it included a portion of the acid-secreting fundic mucosa 
Administration of cinchophen produced gastritis in the excluded pyloric 
segment of these animals, and acute or subacute ulcer was present in 
the pyloric region Some gastritis was produced by the cinchophen in 
the stomach proper, and in about 40 per cent of the animals an ulcer 
developed on the posterior wall of the efferent loop of jejunum of the 
gastrojejunal anastomosis used to reestablish gastro-intestinal continuity 
after exclusion of the pylorus 

PROPHYLACTIC TREATMENT 

The acidity of the gastric juice and the prolonged exposure of the 
pyloric mucosa to the action of acid appeared to be definite factors in 
the production of ulcers by cinchophen We had also noted that in ani- 
mals which refused food, ulcer sometimes developed more slowly than 
in others and that in animals fed a coarser diet, which included particles 
of bone, gastric ulcer developed more rapidly These observations indi- 
cated that the consistency of the food likewise influences formation of 
ulcer In the treatment of cinchophen peptic ulcer the attempt should 
be to give a nonirritating diet in such a manner that gastric acidity will 
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be at a minimum and that the ulcei -hearing area will be exposed to 
gastric contents foi a minimal time 

Because the process of spontaneous healing when administration of 
cinchophen is discontinued is too rapid to allow certain evaluation of the 
elfectiveness of therapy, we decided to determine the effect of prophj- 
lactic treatment on these ulcei s Accordingly, the forms of therapy were 
instituted simultaneously with the administration of cinchophen Each 
of the dogs used was given a capsule containing 2 Gm of cinchophen 
each morning for the first four days of each week, on the last three 
days no cinchophen was given, but the usual diet and prophylactic 
treatment were continued All animals were examined at the end of 
thirty days 

Animals of the control group leceived cinchophen m the same man- 
ner and were maintained on a diet of ground meat, cracker meal and 
evaporated milk In every case a chronic peptic ulcei developed during 
the thirt}'^ days of study, a few of the animals died piior to this as a 
result of perforation of the ulcer 

Animals which received a diet composed wholly of milk, given in 
three feedings each day, also had gastric ulcers at the end of the period 
of administration of cinchophen The process, however, was acute or 
subacute, in contrast to the chronic process m the control animals The 
ulcers were also smaller and gave more evidence of healing than is 
usually seen 

Animals which received alkaline powders, bismuth subcarbonate, 
magnesium oxide, calcium caibonate and sodium bicarbonate six times 
during the day and a diet composed wholly of milk gave some evidence 
of gastritis during the first and second weeks but appeared normal 
during the later weeks In no case did a chionic lesion develop In the 
majority of the animals the stomach appeared normal at necropsy, but 
in others a few small mucosal erosions were present and some small 
healing lesions were observed 

Another group received gastric mucin, 15 Gm five times each day, 
in addition to the control diet The appetite of these animals remained 
good, and their nutritional state appeared better than that of animals of 
the control groups Two animals appeared entirely normal at necropsy, 
but two others which received the same treatment had a large chronic 
ulcer on the posterior wall near the pyloric ring 

Animals of another group were given duodenal extract, 3 3 Gm 
three times daily, in addition to the control diet In every case there was 
some demonstrable lesion of the gastric mucosa, but in no case was the 
lesion as severe as that of the control group of animals The usual 

16 Stalker, L K , Bollman, J L , and Mann, F C Prophylactic Treatment 
of Peptic Ulcers Produced Experimentally by Cinchophen, Am J Digest Dis 
& Nutrition 3 822-827 (Jan ) 1937 
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picture after treatment with duodenal extract consisted, in part, of 
multiple small acute and subacute ulcerations 

A daily intramuscular injection of 5 cc of a 4 per cent solution of 
histidine monohydrochloride was gnen to animals of another group 
which received cmchophen and the control diet In each animal a larger 
chronic peptic ulcer developed and was as severe in every respect as 
any seen in the control group 

Animals of another group, which had been subjected to gastrojeju- 
nostomy, also were given cmchophen and the control diet In each case 
symptoms of gastritis developed, but m no case had a gastric or gastro- 
jejunal ulcer developed within the time allotted m these experiments 
In most cases the jejunum appeared normal, but mild gastritis, with 
mucosal erosions, was present in the fundic portion of the stomach 

SUMMARY 

The continued administration of cmchophen to dogs produces a 
chronic gastric ulcer similar in appearance and situation to the gastric 
ulcer of man Formation of ulcer is preceded by the occurrence of acute 
gastritis which involves particularly the fundic portion of the stomach 
After the first week or two the gastritis is less marked, and a perforating 
type of peptic ulcer develops on the pylorus In a period as short as 
three weeks the ulcer may have all the appearance of a chronic peptic 
ulcer Coarse foods decrease and soft foods increase the time required 
for formation of ulcer During the period of the formation of ulcer the 
acidity of the gastric juice is within normal limits, but the amount of 
gastric juice secreted is definitely increased and the gastric content 
remains acid o\er a period longer than normal Spontaneous healing 
of the chronic ulcer produced by cmchophen occurs rapidly when admin- 
istration of the drug is discontinued Complete healing may be accom- 
plished in from two to seven weeks Chrome ulcer did not occur after 
gastro-enterostomy under conditions which produced chronic ulcer in 
all the control animals Chronic ulcer was not produced in dogs which 
recened a diet of milk and alkaline powders Other types of prophylac- 
tic therapy appeared to be less efficacious 

ABSTRACT OF DISCUSSION 

Dr George B Eustermw, Rochester, Minn There is no denying the strik- 
ing similarity between these experimental lesions and the chronic ulcer in the 
human being from the standpoint of physical appearance and behavior under treat- 
ment If one could be sure that these two lesions were strictly comparable, then 
defimtne conclusions bearing on etiology and treatment could be reached Many 
of Dr Bollman’s observations are certainly verified by clinical experience, espe- 
cialh in regard to results of treatment by different methods, but certain paradoxes 
cannot easilj be explained away by the clinician For example, in the human being 
a toxic dose of cmchophen produces toxic hepatitis, often fatal, but rarely directly 
a chrome gastric lesion 
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Again, the preponderant lesion, even in the experimental animal, is gastric and 
rarely, if ever, solely duodenal, and it is known that the converse is true in man, 
at least clinically One may reasonably postulate that gastritis is the precursor of 
gastric ulcer, on the basis of combined clinical and histopathologic observations, 
but one still is faced with the fundamental problem If so, what is the cause or 
genesis of gastritis in the human being with chronic ulcer usually encountered 
clinically ^ 

These remarks are not to be construed as derogatory of the importance and 
brilliance of this and allied experimental studies, because these studies have yielded 
information concerning the mechanism of the production of ulcer that probabl} 
could not have been secured otherwise In my opinion, however, the problem of 
the actual endogenous and exogenous factor or factors involved in the genesis of 
the chronic lesion still awaits solution 

Dr Lester R Dragstedt, Chicago The experiments have been well planned, 
and the data secured are definite and instructive They provide additional support 
to the large body of accumulated evidence which now points irresistibly to the 
digestive action of the gastric content as the important local factor in the genesis 
of ulcer 

The ulcers produced by Dr Bollman and the associated gastritis are very 
similar to the lesions that I have observed develop m the totally isolated stomach 
of the dog, which I have interpreted as proving that pure gastric juice can 
digest all living tissues, including the wall of the stomach itself 

In the experiments of Dr Bollman the secretion of gastric juice produced 
by cinchophen takes place in the empty stomach There is no immediate neu- 
tralization by food The gastric content is chieflj pure gastric juice, and the 
gastric mucosa is exposed to its digestive action in a manner similar to that 
obtaining m the isolated stomach 

The development of associated gastritis m both these experiments, that is those 
on the isolated stomach and those with cinchophen, is important, because it 
indicates that the ulcer gastritis described by Konjetzny is a part of the general 
process and, like the ulcer itself, is due to the corrosive action of the gastric 
content 

Dr a F R Andersen, Brooklyn The authors have called attention to the 
fact that the ulcers produced by cinchophen in the animals were exactly like the 
chronic gastric ulcers in human beings and that when the administration of 
cinchophen was stopped no new ulcers were noted and the chronic ulcers promptly 
healed I want to point out that this is exactly what happens in the case of 
uncomplicated ulcer in man — a given ulcer heals rapidly and completely, as has 
been shown by climcians and roentgenologists so many times and as has been 
emphasized particularly by Lewis Gregory Cole An ulcer in man which fails to 
heal spontaneously is one which has been complicated by perforation against a neigh- 
boring viscus or by marked perigastric or periduodenal peritoneal reaction, result- 
ing in a rigid area of infiltration which prevents the normal process of healing 
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Two large books on allergy weie published m 1937 The new 
edition of Albert H Rowe’s ^ book is entitled “Clinical Allergy Due to 
Foods, Inhalants, Contactants, Fungi, Bacteria, and Other Causes 
Manifestations, Diagnosis and Treatment ” Louis Tuft’s - book is entitled 
simply “Clinical Allergy ” Both books cover the literature well and 
present the subject in all its aspects In addition, several reviews of 
particular aspects of allergy are available in current journals Francis 
Scott Smyth ^ has presented a series of critical reviews of allergic 
disease, the last two being published in the Journal of Alleigy and in 
the Journal of Pediatrics Hansel^ once more reviews the current 
literature on alleigy as related to otolaryngology and ophthalmology 
Feinberg ° presents “Progress in Asthma and Hay Fevei , the Literature 
for 1936,” and Sulzberger ® writes on the “Allergic Manifestations of 
Dermatology” In my review of the literature of 1936" I tiied to laj 
stress on the significance of the allergic leaction and on the relation 
between allergy and immunity 

1 Rowe, Albert H Clinical Allergy Due to Foods, Inhalants, Contactants, 
Fungi, Bacteria and Other Causes Manifestations, Diagnosis and Treatment, 
Philadelphia, Lea & Febiger, 1937 

2 Tuft, Louis Clinical Allergj'-, Philadelphia, W B Saunders Companj, 

1937 

3 Smyth, Francis Scott Allergic Diseases in Childhood Critical Review, J 
Allergy 8 89, 1936, J Pediat 8 500, 1936 

4 Hansel, French K Allergy as Related to Otolaryngology and Ophthal- 
mology Literature for 1936, J Allergy 8 196, 1937 

5 Feinberg, Samuel M Progress in Asthma and Hay Fever Literature 
for 1936, J Allergy 8 280, 1937 

6 Sulzberger, M B Allergic Manifestations m Dermatology, New York 
State J Med 36 1717, 1936 

7 Rackemann, Francis M Allergj' A Review of the Literature of 1936, 
Arch Int Med 59 144 (Jan) 1937 



130 


ARCHIVES OF INTERNAL MEDICINE 


The importance of the alleigic reaction is shown well by the work 
of Wilhs and Woodruff,® who studied the state of immunity in desensi- 
tized animals and compared the development of tuberculous lesions in 
normal, allergic and desensitized animals They gave large doses of 
living tubercle bacilli to three groups of guinea-pigs The first group 
was made up of normal animals When inoculated with virulent 
tubercle bacilli they became allergic, and scattered tubercles developed 
in the lungs, many died of extensive disease The second group of 
animals had recovered from a previous injection of avirulent tubercle 
bacilli They had become allergic After remoculation with virulent 
bacilli the animals remained allergic, and only a few died, with moderate 
tubercle formation in the lungs The third group was made up of 
normal animals in which the development of allergy was prevented by 
a daily dose of 1 cc of old tuberculin given (presumably) subcu- 
taneously In the absence of allergy the animals died promptly of 
geneiahzed tuberculous bronchopneumonia when given the final test 
dose As Dienes ® points out so well, true immunity is a function of 
the tissues, and the allergic reaction is merely a part of this tissue 
immunity Free antibodies in the serum represent merely the excess 

Meantime, greater stress is being laid on the importance of using 
materials which are strictly puie For example, Abeinethy and 
Francis studied the cutaneous reactions of patients with pneumonia 
to the cellular carbohjdrate fraction C of the pneumococcus They 
found that the positive cutaneous leaction develops early in the disease 
and tends to fade with recovery It runs parallel to the development 
of precipitins foi the same C fraction In fatal cases a positive 
cutaneous leaction to fraction C nevei does develop The reaction to 
fraction C is different in its time of appearance fiom the reaction to 
the other carbohydiate — the capsular substance, oi the so-called soluble 
specific substance (SSS) The latter elicits no reaction until recovery 
IS definitely established In a second paper Abernethy compares the 
response in labbits infected with virulent pneumococci given intra- 
dermally with the reaction in monke 3 fs treated with the same organism 
injected directly into the bionchi These virulent bacteria caused the 

8 Wilhs, H S , and Woodruff, C E Allergy and Desensitization in Tuber- 
culosis, J Chn Investigation 16 899, 1937 

9 Dienes, Louis, and Naterman, H L Immunological Response to Vaccinia 
in Guinea Pigs, J Infect Dis 60 279, 1937 

10 Abernethy, Theodore J , and Francis, Thomas, Jr Studies on the Somatic 
C Polysaccharide of Pneumococcus I Cutaneous and Serological Reactions in 
Pneumonia, J Exper Med 65 59, 1937 

11 Abernethy, Theodore J Studies on the Somatic C Polysaccharide of 
Pneumococcus II The Precipitation Reaction in Animals with Experimentally 
Induced Pneumococcic Infection, J Exper Med 65 75, 1937 
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development of tremendous hemorrhagic local lesions in rabbits with 
death in three or four da}s These animals ne\er shoved positne 
cutaneous reactions In the monke}, on the othei hand, a precipitin 
reaction developed prompt!} and remained until recovery began 
Cutaneous tests were not made 

Stevens and Jordani extend and clarif) their ov n work b} showing 
that when a group of patients vith asthma, hay fever and other mis- 
cellaneous diseases weie tested mtradermally with nucleoproteins from 
Staphylococcus aureus and a hemol} tic streptococcus urticarial reactions 
were obtained only in that group of patients who had evidence of true 
hypersensitiveness to common allergens On the other hand, delayed 
inflammator} reactions veie evenly distributed among patients of all 
lands In the discussion the authors sa} that they are doubtful vhether 
the immediate reaction depended strictl}'^ on the nucleoprotein oi some 
trace of the bacterial carboh} drate v Inch might have been mixed v ith it 

In December 1936 Opie published an excellent discussion of 
the significance of allerg}" in disease This article is most timely and 
should be read by every one interested m the subject In it Opie points 
out again that the local reaction vhich is so characteristic of allerg} 
has the function of holding the infecting agent fixed at the site of inocu- 
lation If this reaction is produced by injection of formed substances 
(foreign red cells or tubercle bacilli) these elements are not destroyed b} 
the reaction, the} sta} intact for some time The function of the 
allerg}' is merely to hold them m place Allerg}" is closely related to 
inimunit}", but the two are not necessarily parallel Opie reviews the 
details of recent works on the reaction of animals to tubercle bacilli, 
to nonhemol}tic streptococci and to hemol} tic streptococci and shows 
that, with minor variations dependent chiefly on the virulence (invasive- 
ness) of the organism, the reactions are much the same in each case 
If the infecting agent is not too virulent, so that it does not spread too 
rapidly because of its own invasive pover, it remains at the point of 
entrance, and up to that time allerg}" and immunit} develop together 
Later, sensitization occurs, so that if the antigen is injected a second 
time an immediate response is elicited, and the second dose is held with 
considerable effectiveness to the site of injection However, this allerg} 
can be abolished temporarily by the injection of the antigen intia- 
venously In this process of rapid desensitization the immunity is not 
affected Circulating antibodies, as measured b} complement fixation, 

12 Ste\ens, F A, and Jordam, L Delajed and Immediate Reactions to 
Bacterial Nucleo-Proteins m Asthma, Ha 3 " Fe\er and in Group of Lliscellaneous 
Diseases, J Immunol 31 477, 1936 

13 Opie, E L The Significance of Allergy in Disease, ^ledicme 15 489, 
1936 
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remain m the same concentration as before Desensitized animals are 
still resistant to ordinary doses of the infecting agent given intra- 
venously 

These relations show consideiable variation among animals and with 
the different varieties of infectious agents As has been implied, the 
allergic reaction is more easily demonstrated with infections of low 
virulence The technic is also important, and, especially in the case of 
streptococci, allergy can be demonstrated only when the organisms are 
injected into the skin itself, it nevei occurs m animals treated intra- 
venously The technic also includes the products used, and Opie makes 
the interesting suggestion that virulence and the capacity to induce 
sensitiveness may depend on diffeient parts of the antigen — a thought 
which emphasizes again the point that whole bacteria and many of their 
so-called purified products are really mixtures of different antigenic 
principles The paper by Abernethy and Francis is especially 
interesting in this regard 

These studies of the various features of bacterial allergy advance 
the knowledge of the mechanism of “clinical allergy” — ^that special form 
dominated by cutaneous and tissue reactions of the immediate urticarial 
type The development of immediate reactions to certain carbohydrate 
fractions of the pneumococcus is part of the normal immune process in 
pneumonia, just as the immediate reaction is'part of the normal response 
when a large dose of foreign serum is given to a normal person The 
immediate reactions, which are called hay fever, asthma or eczema, 
may well be a simple exaggeration of a process which is fundamentally 
normal 

The delayed inflammatory reactions produced by other bacterial 
products are closely related, as previously discussed Vaccines influence 
the progress of asthma Their effect is nonspecific and is related to 
the local reactions which they produce However, the mechanism of 
their action is not yet understood clearly 

THE NATURE OF CLINICAL ALLERGY (“aTOPY”) 

Heiedity — The nature and origin of clinical allergy remain obscure, 
despite an enormous amount of work It is generally agreed that 
heredity plays an important, if not an essential, part in the origin of 
allergy, and it is refreshing to have Ratner say that m an intensive 
study of 250 allergic children, 350 normal children and their respective 
families the incidence of allergy in the family of the allergic child was 
found to be approximately the same as that in the family of the normal 

14 Ratner, Bret Does Heredity Play a Role in the Pathogenesis of Allergy^ 
J Allergy 8 273, 1937 
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child Baag^e’^® describes the occurrence of allerg}' in Denmaik 
pointing out that a familial predisposition can change the incidence of 
asthma, for example, from 3 to 7 per cent Spaich and Ostertag made 
an allergic study of sevent 3 --one pairs of twins In the case of uniovulai 
twins the same type of allergic manifestation appeared in each member 
of the pair m a high percentage of cases This w^as especially true 
of ha} fever, migraine and urticaria For asthma, however, the figures 
were lower, since asthma occuried m only 28 per cent In the case of 
biovular twins the figures were lower The authors believe that these 
results constitute a clear demonstration of the importance of heredity 

Endoame Factois — Endocrine factors are ahva}s to be considered, 
but so far there is little supporting evidence in this regard Dragstedt 
Mills and Mead tried to protect dogs against fatal anaph} lactic shock 
wath a previous injection of an extract of adrenal cortex, and although 
in the animals so treated the severity of the resulting reactions was less 
marked, it is proper to point out that nonspecific therapy of various 
sorts can likewnse modify the seventy of shock In 1936 Wilmer 
Miller and Beardwood reported that the curve for dextrose tolerance 
IS altered m the allergic state and pointed to the rarity of the occurience 
of allerg} and of diabetes in the same patient More recently they 
have showm that for 633 patients with alleig}' the average sugar curve 
rose only to 130 mg , whereas for the controls it reached 160 mg 
Wagner and Rackemann also determined the sugar tolerance of 
patients with asthma but failed to find any significant difference from 
that of normal persons Even for the chronic users of epinephrine, the 
sugar cun^e was still in its normal position 

Dietmy Factois — ^The dietar}' factors are a little moie pertinent and 
this year several articles deal with the influence of vitamins on anaphy- 
laxis and allerg}' A^an Niekerk,-^ in Holland, produced scurv} in 
guinea-pigs and found that the animals reacted to horse serum as do 
normal ammals, and, furthermore, that a large dose of iitamin C had 

15 Baag^e, K H Occurrence of Allergic Diseases Among Danish Popula- 
tion and Role of Predisposition, Hospitalstid 79 888, 1936 

16 Spaich, D , and Ostertag, M Studj" of Allergic Disease in Twuns, Ztschr 
f menschl Vererb- u Konstitutionslehre 19-731, 1936 

17 Dragstedt, C A , Mills, !M A , and Mead, F B Adrenal Cortex Extract 
in Canine Anaphylactic Shock, J Pharmacol & Exper Therap 59 359, 1937 

18 Wilmer, H B , Miller, !M M, and Beardw'ood, J T Recent Advances 
in the Diagnosis and Treatment of Allergic Disease, with Special Reference to 
Glucose Tolerance and Metabolism, South M J 29 197, 1936 

19 Wilmer, H B , and Miller, M M Glucose Tolerance and kletabolism in 
Allergic Individual, with Report of Glucose Tolerance Obsenations in Six 
Hundred Patients, Pennsylvania M J 40*505, 1937 

20 Wagner, Harold C, and Rackemann Francis LI Triplicate Determina- 
tions of Sugar Tolerance in Mild and Severe Asthma, J Allergv 8:353, 1937 

21 v*an Niekerk, J Anaphvdaxis and Vitamin C J Allergv 8 446 1937 
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no protective effect against anaphylactic shock On the other hand, in 
a study of patients -with asthma Epstein -- found that vitamin C was 
a useful adjuvant to other treatment In this connection it is interesting 
to note the experiments of Jungeblut,-® who found that the addition of 
optimal quantities of vitamin C to the diet of monkeys would protect 
a certain number against an otherwise fatal dose of poliomyelitis virus 
It IS possible, of course, that vitamins may influence all the processes 
of immunity The old difficulties concerning the production of cutaneous 
sensitiveness to arsphenamme — ^that certain animals would respond 
while others would not — are modified somewhat by the findings of 
Cormia,"^ who discovered that a diet low in vitamin C made it possible 
to produce sensitiveness to arsphenamme in guinea-pigs which on a full 
diet did not react When huge doses of vitamin C were given to other 
guinea-pigs, they could not be sensitized at all 

Chemical Mediafoi s of Neivons Activity — Finally, the new knowl- 
edge of chemical mediators of nervous activity makes it proper to 
entertain the theory that the manifestations of allergy may depend on 
some peculiar response of the body to a substance like acetylcholine, 
sympathin or histamine, which are normal products of the tissue and 
which are known to exert powerful effects 

This important subject is reviewed m a new book by Cannon,^® who 
describes the organization of the autonomic system and the evidence of 
the chemical mediation of nervous impulses The extraordinary sub- 
stances discovered through the experiments of Hunt, Dale, Loewi and 
Cannon are described as to their immediate and their remote effects 
and in relation to each other 

When the sympathetic nervous system is stimulated, epinephrine is 
poured out into the blood stream by the adrenal glands, and, in addition, 
another substance (discovered by Cannon and his co-workers), called 
sympathin, is secreted by the cells in which the sympathetic nerves have 
their ending, such as the cells of the smooth muscle of blood vessels or 
of the intestines Epinephrine and sympathin are called sympathomi- 
metic (they “mimic” the symptoms of sympathetic stimulation) or, 
better, adrenergic substances (in contrast to cholinergic substances) 

The chemical mediator of the parasympathetic system is different 
The parasympathetic, sometimes called the vagus, system, includes the 

22 Epstein, A Use of Vitamin C in Treatment of Bronchial Asthma, 
Schweiz med Wchnschr 66 1087, 1936 

23 Jungeblut, Qaus W Vitamin C Therapy and Prophylaxis in Experi- 
mental Poliomyelitis, J Exper Med 65 127, 1937 

24 Cormia, F E Experimental Arsphenamme Dermatitis Influence of 
Vitamin C in Production of Arsphenamme Sensitiveness, Canad M A J 36 392, 
1937 

25 Cannon, Walter B , and Rosenbleuth, Arturo Autonomic Neuro-Effector 
Systems, New York, The Macmillan Company, 1937 
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thud, seventh, ninth and tenth cranial nerves, as well as the spinal 
(sacral) nerves which supply the rectum, bladder and genitals ^^Hien 
a parasympathetic nerve is stimulated, the conesponding cells produce 
a substance which on application to new cells is capable of repioducing 
the same symptoms as the oiiginal stimulation As Loewi showed, the 
perfusate fiom a heart slowed by action of the vagus system could 
cause slowing in a second heait when infused into it The substance 
lesponsible has the physical and chemical characteristics of acetyl- 
choline It has many inteiesting properties First of all, it is extremely 
labile, being readily destioyed in the body by blood and by tissue 
extracts, foi the reason that these tissues contain a ferment foi it called 
choline esteiase This ferment, however, can in turn be readily 
neutralized by physostigmin or prostigmm, so that if the whole animal 
or the blood tissue extract is treated with physostigmin, acetylcholine 
will then degenerate only very slowly, and thus its effect will be much 
more evident Blood alone can destro)^ acetylcholine, but the blood of 
certain animals does it fastei than that of otheis It is noteworthy that 
when the various veitebrates are arranged according to the breakdown 
of acetylcholine in the blood, the order being fiom strongest to weakest 
(man, pig, cow, dog, horse, rabbit, frog, cat and gumea-pig), this 
order is not very different from the order of their susceptibility to 
anaphylactic shock 

Histamine also is a pioduct of the normal cell and has functions 
much like those of acetylcholine, but histamine is stable 

Pilocarpine hydrochloride has an action compaiable to that of 
acetylcholine Dharmendra tested the drug on 47 asthmatic patients 
and 11 controls and found marked responses in 30 of the asthmatic 
patients but in only 2 of the controls 

Anesthetics like ether prevent the development of those symptoms 
which provide the demonstiation of the piesence of acetylcholine 
Ethyl carbamate (urethane) seems to interfere with the liberation of 
acetylcholine in the tissues, and it is interesting that Farmer has shown 
that it can protect guinea-pigs against fatal anaphylactic shock When 
the uterine horn of the sensitized guinea-pig was treated with ethyl 
carbamate and then with the specific serum, no contraction occurred, and 
yet the uterus was found desensitized to further doses of the antigen 
In case the ethyl carbamate was washed out of the bath before the sensi- 
tive serum was added, then conti action occurred The authors con- 
clude that ethyl carbamate acts simply to inhibit the contraction , it does 
not prevent the specific union of antigen and antibody 

26 Dharmendra Response to Pilocarpine in Cases of Asthma, Indian M Gaz 
71 204, 1936 

27 Farmer, Lawrence The Influence of Urethane on Anaphj lactic Reactions 
A Contribution to Dale’s Theory of Anaphylaxis, J Immunol 33 9, 1937 
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Benzediine (racemic benzylmethylcaibmamine) is a drug new to the 
treatment of asthma It has pronounced adreneigic effects and is useful 
in cases of mild asthma as a tempoiaiy measuie When adininisteied 
over a long period it may do harm 

At the 1937 meeting of the American Medical Association, in 
Atlantic City, N J , Myei son had an exhibit showing the relations 
m the field of human autonomic phaimacology Mecholyl (acetyl beta- 
methyl choline hydrochloride) is a lelatively stable substance which can 
be used to lepioduce the effects of acetylcholine When injected into 
a normal peison it produces a maiked leaction, with flushing of the 
face, sweating, nan owing of the pupils, rhinorrhea and perhaps 
asthma"® The heait is slowed and intestinal peristalsis is acceleiated 
Gastiic secietion is much increased All these symptoms can be quickly 
abolished with ati opine, so that Dameshek and Feinsilver suggest that 
mecholyl may be used m a diagnostic test for atropism 

The idea that asthma (and, indeed, other symptoms of allergj^) may 
depend on an excess of acetylcholine, on some disturbance in its normal 
bieakdown by the esteiase or on some peculiar sensitivity to it is of 
considerable inteiest In 1934 Villaret, Valleiy-Radot, Bezanqon and 
Claude found that fiom 0 02 to 0 04 Gm of pure acetylcholine given 
to a patient with asthma caused an attack at once but that in normal 
pel sons asthma did not occui, except in patients who had lecently 
recovered from pneumonia This exception led them to the finding that 
asthma could be produced also in dogs with acetylcholine, provided the 
lungs weie iriitated by exposure to chloiine gas Evidently this pre- 
liminary initation of the lungs is necessary Foggie®® also has shown 
that both histamine and acetylcholine can cause bronchoconstnction in 
the lungs of the rat , as expected, the rat requires laiger doses than 
the guinea-pig 

28 Myerson, A Human Autonomic Pharmacology, JAMA 110 101 
(Jan 8) 1938 

29 Starr, I, Jr , Elsom, K A , Reismger, J A, and Richards, A N Acetyl- 
l3-Methyl Choline Action on Normal Persons with Note on Action of Eth)'l 
Ether of ^-Methylcholine, Am J M Sc 186 313, 1933 Starr, I , Jr On the 
Treatment of Paroxysmal Tachycardia and Certain Other Disturbances of Cardiac 
Rhythm by Acetyl-i3-Methylcholine, Tr A Am Physicians 50 289, 1935 

30 Dameshek, W , and Feinsilver, O Human Autonomic Pharmacology The 
Use of Acetyl-Beta-Methyl Choline Chloride (Mechofid) as a Diagnostic Test for 
Poisoning by the Atropine Series of Drugs, JAMA 109 561 (Aug 21) 1937 

31 Villaret, M , Vallery-Radot, P , Justin-Besangon, L, and Claude, F 
Recherches prelimmaires sur les crises provoquees chez les asthmatiques par cer- 
tains esters de la choline, Compt rend Soc de biol 116 1343, 1934, Crises 
asthmatiformes experimentales provoquees par radmimstration de vagomimetiques, 
apres irritation pulmonaire, ibid 124 1308, 1937 

32 Foggie, P The Action of Adrenaline, Acetyl Choline and Histamine on 
the Lungs of the Rat, Quart J Exper Physiol 26 225, 1937 
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Several experiments aim to show that the eftects of cholmeigic 
substances are increased duiing shock and theiefore that perhaps the 
shock depends on them Ungar and Paiiot“^ made extiacts of guinea - 
pig lung before and aftei sensitization to horse seium and tested them 
on strips of gumea-pig intestine The extiact of sensitized lung mixed 
with horse serum gave a definite contraction curve, whereas the contiols 
showed no reaction Dragstedt and Mead,”'^ with a similar expeiiment, 
found that a hi stain ine-1 ike substance was piesent in the blood dtiiing 
anaph 3 dactic shock in the dog Corelli observed that an injection of 
histamine intensified eczematous lesions of the skin by pioducmg an 
inci eased permeability of the capillaiies In cases of asthma Wennei 
and Buhrmester determined the acetylcholine content of the blood 
and found it iiici eased It anaphylactic shock and asthma aie asso- 
ciated with an excess of cholinergic substances, peihaps a pait of the 
picture depends on a depletion of adieneigic substances Koref and 
Rivera^’ found that aftei shock, whether pioduced b}’’ histamine, 
peptone or anaphylaxis, the epmephime content of the adrenal glands 
IS decreased 

Reagnis — Once a state of alleigy develops, it is said that symptoms 
lesult from the union of the antibody and the antigen in the sensitized 
cell The Prausznitz-Kustnei phenomenon furnishes one method of 
demonstrating the presence of this antibody, but seveial new obseivations 
have been made on it Stull, Sherman and Cooke found that the active 
piinciple IS contained in the pseudoglobulin of the sensitizing seium 
Pailato"'’ found that blistei fluid also could tiansfei sensitiveness fiom 
patient to normal recipient Sherman, Kaplan and Walzei demon- 

33 Ungar, G , and Parrot, J L Recherches sur le choc anaphvlactique in 
vitro Mise en hberte d’une substance active par le pouinon isole du cobaye sen- 
sibilise Compt rend Soc de biol 123 676, 1936 

34 Dragstedt, C A , and Mead, F B Role of Histamine in Canine Anaphy- 
lactic Shock, J Pharmacol & Exper Thcrap 57 419, 1936 

35 Corelli, F Intensification of Cutaneous and Visceral Allergy from Hista- 
mine Injection, Polichnico (sez med ) 44 491, 1937 

36 Wenner, W F , and Buhrmester, C C Potassium and Acetylcholine of 
the Blood of Rabbits in Anaphylactic Shock, J Allerg}’' 9 85, 1937 

37 Koref, O , and Rivera, M Uebor den Adrenahngehalt der Nebennieren im 
Anschluss an den Histamin-Pepton- und anaphylaktischen Schock, Wien mod 
Wchnschr 87 184, 1937 

38 Stull, A , Sherman, W B, and Cooke, R A The Association vith 
Pseudoglobulin of the Skin Sensitizing Substance of Allergic (Hay Fe\er) Scrum, 

J Allerg} 9 7, 1937 

39 Parlato, S J Use of Blister Fluid for Passive Transfer Skin Test, J 
Allergy 7 573, 1936 

40 Sherman, H , Kaplan, C , and Walzer, Isl Studies in Mucous Membrane 
H} persensitn eness II Passu c Local Sensitization of the Xasal Mucous Mem- 
bane, J Allerg} 9 1, 1937 
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strated that when the reagenic seium was injeeted into the nasal mucosa 
over the turbinates or septum, injection of antigen into these same sites 
resulted in local swelling, but rarely in symptoms simulating hay fever 
Caulfeild, Brown and Wateis^^ and, almost at the same time, Straus 
succeeded in transferring local sensitiveness to allergens like horse serum 
or cotton-seed from man to monkey These findings are of considerable 
interest because up to that time the attempts to repioduce the transferred 
phenomena had not been successful in the lower animals Caulfeild 
also succeeded in tiansfeiring a local sensitiveness from guinea-pigs to 
monkeys 

What is the significance of the so-called reagins ? It has been thought 
that they aie responsible for the symptoms of allergy, and much stress 
has been laid on the positive demonstration of reagms as evidence of 
hypei sensitiveness to a particular foreign substance Now comes a paper 
by Chobot and Hurwitz in which it is shown that reagins may fre- 
quently be demonstrated in the serum of children “skin sensitive” to food 
in spite of the fact that they have no corresponding clinical manifes- 
tations Hill found reagins to dust and feather proteins in 6 of 16 
children tested One point stressed in his paper is that neither cutaneous 
tests nor reagms are proof of clinical sensitiveness 

Reagins have long been used as a means of study of biologic relations 
between related substances Baldwin and Benedict in this way studied 
the crossed leactions to various botanically related foods and found that 
when the sei um of a sensitive patient was incubated with extracts of the 
food, all the reagins to members of the food group were neutralized at 
the same time Thus, carrot, celery, parsley and parsnip are biologically 
related, likewise, apple, quince and pear Three fishes were found to 
be related Studying different household dusts, including house dust, 
kapok and feathers, W agner and I found a certain cross-relation 

41 Caulfeild, A H W , Brown, M H , and Waters, E T Suitability of the 
Monkey (Macacus Rhesus) as a Recipient for the Prausnitz-Kustner Reaction, 
Proc Soc Exper Biol & Med 35 109, 1936 , Concerning the Identity of the Anti- 
body in Experimental Anaphylaxis and That Occurring in Man Naturally or Spon- 
taneously Sensitized, J Lab & Chn Med 22 657, 1937 

42 Straus, H W Studies m Experimental Hypersensitiveness in the Rhesus 
Monkey II Passive Local Cutaneous Sensitization with Human Reagmic Sera, 
J Immunol 32 251, 1937 

43 Chobot, Robert, and Hurwitz, George The Limitation of Passive Trans- 
fer in Food-Sensitive Children, J Allergy 8 427, 1937 

44 Hill, Lewis Webb Sensitivity to House Dust and Goose Feathers in 
Infantile Eczema The Role of Specific Allergens, J Allergy 9 37, 1937 

45 Baldwin, H S , and Benedict, M I Mutual Absorption Tests with 
Related Foods. J Allergy 8 120, 1937 

46 Wagner, Harold C , and Rackemann, Francis M Crossed Reactions to 
Household Dusts, J Allergy 8 537, 1937 
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between the different substances, but the relation was not absolute 
Regarding specificity, Hooker^" recalls the theoretical reasons for the 
conception that whole molecules are not involved in specific reactions 
but that specificity is determined only by the small binding gioups on 
these molecules For example, animals prepared with iodized horse 
serum react to iodized chicken serum as well as to normal horse serum 

Can clinical sensitivity be present in patients who have no reagins^ 
The question is important, but it is hard to answer “Test-negative” 
patients appear to be clinically sensitive, and special tests prove that they 
are, but so far no one has looked for reagins in their blood 

CHEMISTRY OF HYPERSENSITIVEKESS 

The chemistry of hypersensitiveness has been advanced a little 
Landsteiner studied trmitrophenol hydrochloride and 2 4 dmitro- 
chlorobenzene and their ability to combine with blood serum and to 
produce anaphylactic shock His animals that had been treated, how- 
ever, reacted not to the chemical itself but only to its protein combina- 
tion, the reaction obtained included positive cutaneous reactions as well 
as anaphylaxis of the entire body Fierz, Jadassohn and Stoll made 
similar studies of atoxyl (sodium arsanilate) combined with protein by 
diazotization As expected, the protein combination seemed to be 
essential 

CLINICAL ALLERGY 

Diagnosis — The diagnosis of allergy, paiticularly the interpietation 
of positive cutaneous reactions, is discussed in an interesting paper by 
Pearson He made cutaneous tests on a large number of asthmatic 
and control subjects and observed that positive reactions occurred in 
many of the controls, although, of course, more were found among the 
asthmatic subjects He descnbes the cutaneous test as a source of “sub- 
sidiary information ” Another good paper is by Pratt,®^ who recalls the 
theory that atopic symptoms can depend on the summation of a slight 
degree of sensitiveness to a number of different allergens acting together 
Pratt put this theory to a test by studying the anaphylactic reaction in 

47 Hooker, S B Different Determinants of Antigenic Specificity on Single 
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guinea-pigs sensitized to ciystallized egg albumin and to ciystallized 
hoi se globulin at the same time He concludes, first, that when the test 
dose contains a small amount of each antigen the degree of shock is not 
moie than would be observed from the same small amount of eithei 
antigen alone, and, second, that when either of the antigens is inci eased 
by Itself above the minimum requirement, the incidence of shock and 
Its seventy are increased definitely Why the body should not react to 
each of two substances at the same time is, of course, still difficult to 
explain, unless it is that the molecule of one substance is largei tlian that 
of the othei, so that the animal reacts first to the one which can peimeate 
his tissues with gi eater ease 

Tlie diagnosis of specific factois depends entirely on the interpi ela- 
tion of cutaneous tests, and Hill has thrown an interesting light on this 
subject He tested 44 eczematous infants with a stock extiact of house 
dust and an extiact of feathers intradei mally and found that 31 of the 
infants reacted to the dust and 25 to the featheis Normal childien did 
not 1 eact Othei allergic children did not i eact What did these positive 
leactions mean^ Sometimes elimination of exteinal dust by confinement 
m a hospital room was enough to bring relief, but theie were too many 
exceptions to this principle, so Hill points out again that there must 
be an obvious distinction between sensitiveness of the skin, on the one 
hand, and clinical sensitiveness of the whole body, on the othei The one 
situation in which a real cure occurs is that which follows acute infec- 
tious diseases And here lies the important key to the problem The 
article closes with a good line “The removal of alleigens is a sui lender 
to a bad situation rather than a direct attack upon it ” The next two 
papers aie practical Swineford describes a woman of 32 who always 
obtained great relief from wheezing by smoking asthma powder con- 
taining Stiamonium, swamp cabbage. Lobelia mflata and potassium 
nitrate until finally she became sensitive to the dust of the powder itself 
Beinstein and Ginsberg had a patient who became sensitive to the milk 
pieparation used in nonspecific therapy 

The leukopenic index of Vaughan still has its advocates Squier 
and Madison note that the numbei of eosinophil cells in the blood 
increases as constantly as the numbei of leukocytes falls aftei the inges- 
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tion of allergic foods On the othei hand. Loveless and her associates 
studied the leukocyte leaction of a number of patients who weie known 
to have allergic symptoms after the ingestion of ceitain foods In some 
of these she observed that the taking of food caused a rise lather than 
a fall in the total leukocyte count Also, leukopenia was found in some 
normal persons after a test breakfast Her work m this lepoit was most 
meticulous, each observation being based on a count of 800 white cells 

Waldbott and Ascher showed that when cutaneous tests are made 
less than four weeks after the original onset of asthma, they are likely 
to give a negative reaction 

The diagnosis and the therapy of seium reactions, with geneial lules 
to be follow^ed before any foreign serum is admmisteied to a patient, aie 
well given in a special article m The Journal of the Ameucan Medical 
Association by Fantus in collaboration with Feinberg 

A good point IS raised by Gilles,'^ wdio says that the fear of anaphy- 
laxis can no longer justify the failuie to employ protective seium in 
every case of street accident Fie examined sixty-three samples of dust 
from the streets of Baltimore and found tetanus bacilli in 17 4 per cent 
of them Furthermore, nine of the eleven stiains, or 14 2 per cent of 
the samples, contained a virulent toxm-producing organism Not only is 
treatment with tetanus antitoxin advisable, but it should always be given 
early, for, as Huntington and his colleagues point out in a study of 
642 cases, the mortality from tetanus is very high, regardless of whether 
01 not the patient is treated with serum 

Other diagnostic procedures include the study of the blood lipids, 
but Bullen and Bloor found no diffeience between the patient wnth 
asthma and the normal control m this regard Black and Kemp found 
that the density of the blood, as measured by timing the rate of fall of a 
small drop of blood through a mixture of xylene and bromobenzene, w^as 
increased in cases of guinea-pig anaphylaxis and certain foims of alleigy 
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HAY FEVER 

Pollen — ^Vk^odehouse adds several articles to his senes of botanic 
descriptions of the different “hay fever plants ” Stealy describes the 
pollen content of the air over San Diego, Calif , and Schomvald gives 
a general description and some good pictuies of the pollens which are 
common to Seattle Blumstein and Tuft call attention to the impor- 
tance of plantain as a fairly frequent cause of hay fever Among 180 
patients who were thoroughly studied, they found 14 who showed sen- 
sitivity to plantain, an incidence of 7 7 per cent 

Concerning the extraction of ragweed, Zoss and his associates ®‘ 
isolated the precipitate produced by the addition of potassium alum to 
the ordinary watery extract and made the interesting observation that 
guinea-pigs could be readily sensitized with the preparation One cubic 
centimeter of the precipitate suspended in an amount of salt solution 
equal to the original quantity of the lagweed extract was sufficient to 
sensitize guinea-pigs when injected subcutaneously Aftei twenty-two 
days the animals were given intravenous doses of the same “aqueous 
ragweed extract” (which I take to mean the same precipitate suspen- 
sion) At any rate, all 12 of the animals showed definite symptoms, and 
9 which received larger doses died in typical anaphylactic shock When 
this alum precipitate was used in the routine treatment of patients with 
hay fever, however, the results were distinctly disappointing and, indeed, 
not so good as for the control series of patients treated with the usual 
material 

Specific Tieatment and Its Results — ^The treatment of hay fever by 
giving pollens by mouth, eithei in the form of the extract or of capsules 
containing the native pollens mixed with some inert substance like sugai 
or starch, is under investigation Since 1922, when Touart®® treated 
6 patients with daily doses of tablets containing pollen, the possibility 
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of therapy by mouth has been considered Bernstein and Kirsner 
show that the gastric juice does not alter the extract so far as the skin 
test fraction is concerned McGrew"® treated 33 patients with diop 
doses of a 1 per cent extract of grass pollen and found that 29 weie 
improved More important is the report of Stier and Hollister,'^ who 
treated 383 patients and found that the results were about the same as 
for those treated by the regular parenteral method Most of the patients 
had hay fever of the tree or grass pollen type 

Whether the successful treatment of patients with hay fever results 
legularly in a i eduction in the size of the cutaneous reaction is alwa}'S 
debatable Baldwin and Glaser found a reduction in half their 
patients The degree of sensitivity of the mucous membrane, howevei, 
was always reduced if the patient was clinically improved It is impor- 
tant, however, that these investigators also observed a few patients who 
were improved even though the cutaneous reactions remained about the 
same and a few others who were unimproved m spite of the fact that 
the cutaneous reactions were i educed in size Harley treated 40 
patients who were sensitive to grass pollen, giving a final dose of 100,000 
units, and concludes that pollen therapy results in a decrease m the 
cutaneous reaction whenever a sufficient dose is reached 

Constitutional reactions are still common Furstenberg and Gay 
review the literature carefully in a comprehensive article Their own 
series included 907 patients, 45 of whom (4 9 pei cent) had one or moie 
major constitutional reactions, whereas only 02 per cent of the indi- 
vidual injections administered were accompanied with a general reaction 
The results of the prophylactic treatment of 612 patients with hay fevei 
due to ragweed are given in an elaborate table by Clarke and Leopold 
To those who are interested in this subject, it is comforting to have a 
friend acknowledge publicly that his results also are poor 
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Peienniol Vasomotoi Rhinitis — Closely related to hay fevei is the 
allergic condition in which the symptoms do not occm at any particular 
season but come and go throughout the year Perennial vasomotoi 
rhinitis is often difficult to tieat The cases fall into two gioups In the 
first group the condition is like hay fever, being dependent on sensitive- 
ness to foreign substances, like orris powder, animals, featheis or some 
occupational dust with which the patient comes in contact In the second 
group the condition is more obscure Here the cutaneous tests give 
negatne lesults, and the symptoms are remarkably troublesome The 
patients are mostly adults, and there are more women than men In this 
particulai group a sensitiveness to dust or to food can be excluded by 
experimental trial, since the symptoms do not change m accordance with 
changes in the environment or diet Nash well says that it is “a dis- 
ease of civilization” Ceitamly many of these patients lead sedentaiy 
lives They eat too much, and they exeicise not at all They are too 
fat, and a number of them obtain relief after attention to their general 
hygiene Dean and his co-workers discuss the group, pointing to 
possible dietar}’’ and endocrine factois, but with not much evidence to 
throw the theories in or out 

Local treatment with ionization, radium, diatheimy and tiichloro- 
acetic acid and their results are discussed at length It is evident that 
no one method is always successful As Weille recently explained to 
me, the cause of the chronic swelling of the mucous membiane is often 
obscure, but nevertheless the patient suffers from nasal obstiuction, 
frequent sneezing and a troublesome watery discharge from the nose, 
and these symptoms are severe enough to distuib the general health 
Treatment is needed, and a good deal can be done In giving local treat- 
ment, however, one must remember ceitain principles First, it is essen- 
tial that the surface epithelium should be preserved Second, shrinkage 
of the turbinates must occm from within the tissue itself, and the object 
of treatment should be to produce fibrous tissue which will subsequently 
contract and so make the tissue smaller Many kinds of treatment will 
accomplish these ends Simple cauteiy of the surface with silver nitrate 
or with trichloroacetic acid wall pioduce a local aiea of scar tissue 
which will be effective for a time The sui face membrane is destroyed 
by such treatment, but, later it will regenerate, and the symptoms wall 
return Ionization accomplishes much the same result, but studies of 
the tissues made before and after the treatment show that the procedure 
causes a good deal of necrosis in the bodj'^ of the turbinate and a reac- 
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tion which may be seveie Heie, again, the tissue will icgeneiate lalci, 
and so the symptoms will rccui In a lecent papei Wcille'^® desciibes 
3 cases to bring out this piinciple and to elucidate the tieatment in the 
individual case 

Claike and Rogeis'° found that the condition occuiicd in 162 of 
2,000 patients with alleigy but that of the 162, 50 pei cent had eosm- 
ophiha and 30 had a family histoiy of alleigy A papei by Spiesman and 
Arnold is Intel esting in this connection With suitable appaiatus they 
lecoided the changes in the tempeiatuie of the nasal mucous mem- 
biane under vaiious conditions Undei noimal ciicumstanccs the nasal 
tempeiature goes up and down with the tempeiatuie of the bod} as a 
whole, but m those who aie hypci sensitive to cold, chilling of the skin 
will make the nasal tempeiatuie use and external heat will make it fall — 
as though the nose tiled to ovei compensate foi the leaction of the body 
What 1 elation may exist between this soit of hypei sensitiveness to cold 
and the other conditions desciibed vividly by Hoi ton. Blown and Roth,®^ 
111 which exposuie to cold may be followed not only by uiticaiia and 
angioneui otic edema but by actual ciiculatoiy collapse, is haid to say 
At any late, the evidence at hand, or lathei the lack of evidence, suggests 
that further studies of this soit along physiologic lines might be woith 
while 

Fungi — ^^Vhen a patient declaies that his hay fevei oi his asthma 
occuis only when he goes to a certain house oi sleeps in a certain bed 
or when, on the other hand, peisistent asthma cleais piomptly and com- 
pletely when the patient is admitted to the hospital, it is cleai that the 
trouble depends on dusts fiom which the patient can escape Many 
patients give positive leactions to cutaneous tests with house dust and 
sometimes to extracts of kapok oi featheis but may not leact to any 
moie definite allei gens What is house dust ^ Evei since van Leeuwen,®- 
111 1924, desciibed the importance of “miasmata” in the an, many 
workers have thought about molds as causing asthma So fai, hov- 
evci, the i elation between molds and asthma has been pioved m only a 
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few cases Cadham was able to produce asthma by making a patient 
inhale the dust of infected gram, and then m 1930 came the complete 
study by Hopkins, Benham and Kesten concerning then patient whose 
skin was sensitive to a certain penicillmm and who later was thrown 
into an attack of asthma by inhaling the penicillmm spores There are 
a few othei cases like this, but only a few A good bibliography is 
in Rowe’s new book on the subject of clinical allergy Wittich and 
Stakman add a report of another case in which they could demonstrate 
positive reactions to cutaneous tests with various giain smuts and in 
which definite asthma developed on exposure to the dust containing 
these smuts 

In contiast to these proved cases, theie is a much largei gioup of 
patients who show positive reactions to cutaneous tests with mold 
extiacts, and many of these benefit greatly from corresponding treat- 
ment However, one should hesitate to include their cases in the gtoup 
of proved cases Positive reactions to cutaneous tests often occur in 
normal persons or in patients who have no clinical sensitiveness along 
with the cutaneous sensitiveness, and, secondly, it is always possible that 
treatment with mold extracts may do good in some nonspecific manner, 
just as treatment with vaccines or with a stock extract of house dust 
may do good in a nonspecific mannei Feinberg’s series of patients 
showing positive reactions to cutaneous tests and good results from 
treatment with molds has inci eased considerably, from 50 in 1935 to 
62 in 1936 and now to 90 As he said at a lecent symposium on fungi 

There are four groups of cases — those who have symptoms from ingestion of 
fungi, particularly the yeasts and the smuts, the latter including ergot, second, 
are patients who have an actual infection from molds, third, are those who have 
a dermatitis from the growth of molds especially the moniha group , and finally, 
there is a small group of patients who have symptoms from the inhalation of mold 
spores These spores come mostly from such species as alternaria, hornodendron, 
aspergillus, mucor, and penicilhum, all of which belong to the group of imperfect 
fungi — imperfect because the spores are born naked and not m an enclosed sac 
which must rupture before the individual spores can be set free 
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Mold spoies aie given off into the aii in enoimous quantities, and 
Femberg®® has tiaced a cuive showing the content of mold spores in 
the an from day to day This cuive is low during the winter and spring, 
but 111 May it begins to use, leaching its height m July, and then con- 
tinuing more oi less high thioughout the lemammg summer and eaily 
fall, not falling off until after the first fiost and often not until aftei the 
fiist snowfall This cuive and the high incidence of mold spoies is 
leadily explainable when one understands that molds in nature aie 
concerned with the bieakdown of vegetable mattei Dead glass and 
leaves of all soits must constantly be lemoved, and the molds do it 
The top soil IS full of fungi, and it is easy to see why these fungi flouiish 
duimg the warm summer and the wet fall months 

In the clinic, at the Massachusetts Geneial Flospital cutaneous tests 
with extiacts of seveial common molds, made as a routine, have shown 
positive leactions of various sizes to various molds m vaiious patients, 
and so fai the results aie difficult to understand Fortunately, one pai- 
ticulai patient has given an important clue to the pioblem This patient 
IS a plant pathologist and is so sensitive to Cladospoiium fulvuni that he 
cannot entei a gieenhouse where tomatoes infected with this mold aie 
glowing without having a sudden attack of hay fevei and asthma This 
man is extremely sensitive to C fulvum, yet he gives no leaction to othei 
shams of the same species In his case the degiee of sensitivity and 
the degiee of specificity are both extieme Recently, my colleagues 
and I®® saw 3 patients, all piofessional tomato groweis, who also had 
maiked cutaneous sensitivity to extiacts of C fulvum Othei stiains 
produced no leaction in them The mold allergy was highly specific 
The important lesults obtained in these cases indicate that the difficulties 
in the study of hypersensitiveness to fungi depend on a high degree of 
specificity among the stiains of molds which has not been recognized 
hitherto The lead provided by this obseivation is being followed 
enthusiastically 

ASTHMA 

Complications of Asthma — The complications of asthma, especially 
the development of subcutaneous emphysema and spontaneous pneumo- 
thoiax, have had inoie than the usual attention during the past yeai 
The hteiatuie was well leviewed by Sheldon and Robinson m 1936 

88 Femberg, S M, and Little, Haiold T Studies on the Relation of Micro- 
organisms to Allergy III A Year’s Survey of Daih Alold Spore Content of the 
Air, J Allergy 7 149, 1936 

89 Rackemann, Francis M , Randolph, T G , and Cuba, E F Specificity in 
Mold Allergy, to be published 

90 Sheldon, John M, and Robinson, William D Subcutaneous Emphysema 
m Asthma, J A M A 107 1884 (Dec 5) 1936 



148 


ARCHIVES OF INTERNAL MEDICINE 


Reports of 3 new cases are added by Kirsner,^’^ by Bridge and by 
Faulkner and Wagner The state of the heart and the general diag- 
nosis of caidiac asthma always present difficult problems Colton and 
Ziskin made a stud}^ of the heart in 84 cases of asthma but could not 
find that it uas greatl} inrohed Electi ocardiography gave some e\i- 
dence that strain of the right ventricle, with some myocardial damage, 
occm s as the asthma progresses and emphysema ensues Swinef ord and 
Magruder present a sensible and plausible analysis of caidiac asthma, 
indicating that the diagnosis always means two diseases first, heart 
disease and, second, asthma , that the rvheeze itself is enough to indicate 
asthma and that m most cases this wheeze antedates the evidence of 
caidiac disturbance In connection with the pathologic picture, physi- 
cians must not overlook periarteritis nodosa,^ which, according to 
Ehi Strom,®® may be a complication I have also seen 1 patient with 
this complication 

Asthma and the Nose and Thioat — ^Kelley found that hyperplastic 
involvement of the nasal sinuses as a pait of the clinical picture of 
asthma was even more common than is clinically supposed He found 
that It occurred in 89 of 100 cases It is interesting, however, that 
of the 11 “negative” cases, asthma had existed for over ten years in 4 
and foi over five years in 6 The point is that changes in the sinuses 
are not an obligatory complication of asthma 

Asthma is often treated primarily by the otolaryngologist Fox 
and Harned reviewed their material and present the results obtained 
in 150 patients treated locally, comparing them with those obtained in 
anothei 1 50 patients treated by “medical methods ” The surgical 
proceduies seemed to be effective according as the surgical operation 
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was extensive Figures foi the results of difterent opeiations vaiied 
from 32 to 60 pei cent “cuied” — the duration of “cure” not being 
stated In contiast with these figuies, the “medical” patients had all 
sorts of treatment, with such procedures as the injection of iodized 
poppy-seed oil 40 per cent, vaccines, extiacts of nasal tissue and seium 
f 10111 patients who weie doing well postopei atively, yet none of them 
was greatly benefited The authors conclude, of course, that suigical 
IS better than medical treatment The trouble with this report is that 
asthma varies so widely in duration, kind and cause that it is hardly 
fan to compare results m numbers of cases without knowing more 
about them 

Somewhat related is a fairly new idea that asthma, like bion- 
chiectasis, can be treated b)^ intrati acheal injections of iodized oil 
Mandelbaum has studied the literatui e cai ef ully and has compiled 
fiom it a study of 1,000 cases, to which he adds 114 cases of his own 
He IS wise to emphasize the importance of excluding all the common 
causes of asthma befoie the intratracheal treatment is undei taken 
Obviously, this treatment should be a proceduie of last lesort On the 
other hand, the treatment evidently does little immediate harm, and it 
IS interesting to obseive how many tieatments have been given and how 
much oil has been injected in certain cases In Mandelbaum’s senes as 
many as eighty-four injections weie sometimes necessary m 1 case 
before the asthma was relieved, and in his series the aveiage number 
of injections was thirty-seven The average amount of oil used was 
684 cc — usually these treatments consisted of giving 20 cc at a time 
The average inteival between doses was six days, and the longest period 
of tieatment was two yeais and four months The results m the 1,000 
cases quoted Avere complete relief in 24 per cent, marked relief in 34 
pel cent, slight relief m 17 pei cent and no relief in 25 per cent There 
weie 2 deaths, which weie presumably dependent on hypersensitiveness 
to iodine Moie recently Criep and Hampsey obseived 40 patients 
with asthma tieated Avith iodized oil, but only 4 weie relieved In 17 
cases the ti eatment was a complete failure It is interesting to compai e 
these figuies with those derived fiom a similar large series of cases 
A\hich 1^°^ reported in 1927 This group comprised patients with 

99 Mandelbaum, M J Asthma Treatment b\ Intratracheal Injection of 
Iodized Oil, with an Analj'sis of One Thousand Compiled Cases, Including One 
Hundred and Fourteen Newlj'^ Reported Cases, M Clin North America 20 907 
1936 

100 Criep, Leo H, and Hampsev, J W Therapeutic Value of Iodized Oil 
in Bronchial Asthma, J Allergj 9 23, 1937 

101 Rackemann, Francis M Studies m Asthma I A Clinical Sur\ey of 
One Thousand and Seventv-Four Patients with Asthma Follow'ed for Two Years, 
J Lab & Clin Med 12 1185, 1927 
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asthma of eveiy sort, and it included a few childien The gross lesults 
were “cured,” 20 per cent, improved, 50 pei cent, same, 20 per cent, 
and dead, 10 per cent Evidently the ultimate outcome in the treatment 
of asthma is, by and large, faiily constant 

The pathologic picture of asthma, as observed in 137 patients who 
died with or because of asthma, is described in an excellent article by 
Lamson and Butt They found that in cases of death from asthma 
itself the formation of mucous plugs in the bronchi was observed as a 
characteristic at autopsy Many of the patients died with asthma rathei 
than because of asthma, and the fact is emphasized Some of them 
died within four years after the onset of symptoms 

ECZEMA 

Allei gic Eccema — Allergic eczema, with lesions in a characteristic 
distiibution on the face, neck, elbows and knees, is typical of allergy 
(“atopy”) Its mechanism, including its clinical relation to specific 
foods and dusts, the obtaining of positive reactions to cutaneous tests 
and the presence of reagms m the blood, is similar to that of hay fevei 
and asthma This fact is being recognized more and more The con- 
dition varies with the seasons of the year, with changes of environment 
and often with changes m dietary It is obvious that the cause of the 
disorder is something which reaches the skin from the blood stream 
underneath Sulzberger s papers describe the condition and the 
classification clearly 

Contact deimatitis is somewhat related, but heie the lesions aie 
limited to exposed surfaces, and the cause of the disoidei reaches the 
skin directly Poison ivy is m this group, and the recent studies by 
Straus on poison ivy in animals are of particular interest Using a 
13 per cent acetone extract of dried poison ivy leaves, Straus was able 
to sensitize guinea-pigs by applying the material to the skin as in a patch 
test, leaving the application in place for forty-eight hours Removal of 
the patch gave no visible reaction, but when, seven or ten days later, 
a similar patch was applied to another site, typical dermatitis developed 
in forty-eight hours Straus observed that sensitization with poison ivy 
lesulted also in a slight sensitization to poison oak There is a common 
antigenic principle in the two The later papei is more important 
because it points directly to the manner in which hypei sensitiveness 

102 Lamson, R W , and Butt, E M Fatal “Asthma” Clinical and Patho- 
logic Consideration of One Hundred and Eighty-Seven Cases, JAMA 108 
1843 (May 29) 1937 

103 Sulzberger, M B Remarks on Definitions and Classification in Certain 
Forms of Dermatologic Allerg 3 % New England J Med 215 330, 1936 

104 Straus, H W Studies in Experimental Hypersensitiveness in the Rhesus 
Monkev I Actue Sensitization with Poison Ivy, J Immunol 32 241, 1937 



RA CKEMANN—ALLER G \ 


151 


spieads to all the skin Stiaus lemoved a iing of skm fiom the uppei 
pait of the ann of a nionke}^ and then applied his oiiginal sensitizing 
patch to the skin below the ring Two weeks later tests showed that 
below the ring, sensitiveness of the skin of the aim was plainly evident 
but patches placed on the skin in othei paits of the body always gave 
negative results This other skin had not been sensitized, and so the 
authois claim piopeily that cutaneous sensitiveness spieads not by the 
blood or pel haps by the lymph but apparently by some method of tians- 
mission through the skin itself 

The specific therapy of poison ivy has been impioved Shailit and 
Newman describe the impoitance of making extracts with absolute 
alcohol, saying that the dermatogen is soluble best in this diluent Sixty- 
three of the 74 patients treated obtained complete relief from then 
s 3 anptoms on the fouith day Caulfeild has a similai idea, foi he 
says that the active pait of the poison ivy plant is soluble best in ethei 
and the ether extract is readily soluble in coin oil Tieatment b}’’ intia- 
musculai injections of his oleo-antigen produced maiked clinical 
impi ovement, even though the degree of cutaneous sensitiveness was 
not greatly i educed 

The eiysipelas-hke eiuption which sometimes complicates fungous 
infections of the feet has been studied b}’- two groups of workeis, Traub 
and Tolmach and Sulzbeiger and his associates The fact that the 
fungous disease can of itself cause a severe constitutional leaction, with 
localized lymphangitis and enlargement of the inguinal lymph nodes, is 
enough to establish the diagnosis and to allay feais concerning an acute 
stieptococcic infection, which the condition simulates so closely 

DRUG ALLERGY 

Knowledge of diug alleigy is advanced chiefly by the inci easing 
numbei of lepoits of new cases Webei peifoims an extiaoidmaiy 

105 Straus, H W, and Coca, Arthur F Studies in Experimental H 3 per- 
sensitiveness in the Rhesus Monkey III On the Manner of Development of the 
Hypersensitiveness in Contact Dermatitis, J Immunol 33 215, 1937 

106 Sharlit, H, and Newman, B A Specific Therapy m Rhus Dermatitis, 
New York State J Med 37 61, 1937 

107 Caulfeild, A H W Prevention of Poison Ivy Dermatitis by the Intra- 
muscular Injection of “Rholigen” (Rhus Tox, Oleo-Antigen), Canad M A J 
37 18, 1937 

108 Traub, E F , and Tolmach, J A An Erysipelas-Like Eruption Com- 
plicating Dermatophytosis, JAMA 108 2187 (June 26) 1937 

109 Sulzberger, M B , Rostenberg, A , and Goetze, D Recurrent Erysipelas- 
Like Manifestations of the Legs Their Relationship to Fungous Infections of the 
Feet, JAMA 108 2189 (June 26) 1937 

110 Weber, L F External Causes of Dermatitis A List of Irritants, Arch 
Dermat & Syph 35 129 (Tan ) 1937 
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service by publishing a list of important initants, aiianged first by 
alphabet and second by the occupations in which they occur Some of 
the chemicals produce irntation in normal as well as in sensitive peisons, 
but nevertheless the list with its tivo hundred and forty-five references 
makes a useful reference work 

Dyes remain the important souice of trouble Goodman and Sulz- 
berger leport 25 cases of sensitivity to the dyes in clothing, especially 
in women’s di esses All colors weie incriminated, but whereas there 
were thirty positive leactions to patch tests with black mateiials, there 
weie only nine with brown, eight with red, six with blue, five with green 
and two with orange One patient reacted to thirteen dress materials 
at the same time Shoe dermatitis and sock dermatitis are not 
uncommon Tiaub, Gordon and Van Dyke,^^- in a report on dermatitis 
from the dyes used in coloring fruits, described two cases in which the 
yellow dye used on oranges was the principal offender V allery-Radot 
publishes another paper on cutaneous disease m furriers caused by 
paraphenylenediamine Downing had a patient who was sensitive 
to phenylhydrazine Criep saw a patient who was so sensitive to 

metaphen that the painting of his skin with this drug resulted 
in a massive swelling of his arm and later in asthma Baker 
and Brunsting call attention to sulfocyanates, and Miller and 
O’Donnell observed collapse and shock after the third dose of 
tryparsamide Seymour reviewed the literature on sensitivity to 
iodine and found reports of 14 cases of extensive generalized eruptions 
7 of which were fatal One patient had severe reactions after each 
treatment for pneumothoi ax, and finally the disordei was traced to 

111 Goodman, J, and Sulzberger, M B Acquired Specific Hypersensitivitv 
and Simple Chemicals I Non Industrial Dye Sensitivity, read at the meeting of 
the Association for the Study of Allergy, Atlantic City, N J , June 8, 1937 

112 Traub, E F , Gordon, R E, and Van Dyke, L S Dermatitis from Dyed 
and Otherwise Treated Citrus Fruits Report of Two Cases, JAMA 108 872 
(March 13) 1937 

113 Vallery-Radot, P Manifestations asthmatiques chez les fourreurs dues 
a une sensibilisation a la paraphenylenediamine. Bull Acad de med , Pans 115 
773, 1936 

114 Downing, J G Dermatitis from Phenvlhydrazine Compounds Report 
of Case, New England J Med 216 240, 1937 

115 Cnep, Leo H Allergy to Dyes Contact Dermatitis from Easter Egg 
Dye, Asthma and Urticaria from Metaphen, JAMA 108 1169 (April 3) 1936 

116 Baker, T W , and Brunsting, L A Dermatitis Medicamentosa Resulting 
from Administration of Sulfocyanates in Treatment of Hypertension, JAMA 
108 549 (Feb 13) 1937 

117 Miller, J K, and O’Donnell, H J Sensitivity to Tryparsamide, Arch 
Dermat & Syph 35 264 (Feb ) 1937 

118 Seymour, W B , Jr Poisoning from Cutaneous Application of Iodine A 
Rare Aspect of Its Toxicologic Properties, Arch Int Med 59 952 (June) 1937 
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the extensive lash which followed the painting of the skin vith iodine 
and which was accompanied with nausea and collapse — a seiious dis- 
turhance Boios had a patient in whom jaundice developed aftei laige 
doses of cmchophen Of moie practical interest is the repoit of 
Piickman and Buchstem/-® wdio present a careful study of sensitiveness 
to acetylsalicyhc acid Reports of 33 cases weie found in the hteiatuie 
and 62 moie cases weie recognized at the Mayo Clinic In them the 
taking of acetylsalicyhc acid had lesulted m the following reactions 
asthma m 38 (61 2 per cent), uiticaria m 12 (19 3 per cent), vasomotor 
rhinitis in 3 (4 8 per cent) and gastro-intestinal sjanptoms in onlj 3 
(48 per cent) So far theie is no good test foi sensitivity to 
acetylsalicyhc acid except the homel}' method of trial and eiior Fixed 
diug eruptions aie described by Abramowntz and Noun T}pical 
bullous lesions, usually around the mouth and genitals, maj^ develop 
after the taking of any one of a long list of diugs Why the lesions should 
be localized and always occui in the same spot is hai d to say Evidenth 
the degree of sensitiveness can be gieatei in ceitain areas of the skin 
than in otheis 

MISCELLANEOUS MANIFESTATIONS OF ALLERGY 

The list of manifestations of alleigy becomes longei fiom jeai to 
year, paid) because the members of the medical profession are becom- 
ing “allergy conscious” and so aie learning to think of allerg} wdien 
the cause of some sudden disturbance is otherwise unknowm and because 
m many cases this point of view’’ is justified, especially when theie is a 
stoiy of previous contact with the paiticular substance under suspicion 
In most of the cases of agianulocytosis, for example, the patient tells 
a story of having taken aminopyrme oi some othei drug pieviousl} 
and wnthout trouble It was the second course of tieatment begun 
recently which caused the upset Thiee recent articles desciibe cases 
in wdiich thrombopenia and purpura seemed due to allergy as 
follow’S Squier and Madison^-- found 6 patients wdio impioved aftei 
the elimination of ceitain foods, and in all cases the ingestion of these 
foods caused an occurrence of the puipura Beiglbock’s patient 

119 Boros, Edwin Hav Fe\er and Asthma During and After Jaundice 
Ascites Due to Cmchophen Poisoning, J A Al A 109 113 (Julj 10) 1937 

120 Prickman, L E , and Buchstein, H F persensitn ity to Acet\ I- 

sahcylic Acid (Aspirin), J A A 108 445 (Feb 6) 1937 

121 Abramowitz, E W, and Noun, M H Fixed Drug Eruptions, Arch 
Dermat S. Syph 35 875 (Maj) 1937 

122 Squier, T L, and Madison, F W Thrombocytopenic Purpura Due to 
Food Allergy, J Allergy 8 143, 1937 

123 Beiglbock, W Fin Fall ^on thrombopemscher Purpura bei eclitcr 
Chininuberempfindlichkeit, Ztschr f klin Med 131 308, 1937 
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when tested with quinine gave an extiaordinaiy i each on, with tiemen- 
dous local swelling and hemorrhage appearing in half an hour Vomit- 
ing, chills, fever and cyanosis occuired, but there was ultimate recovery 
Fernan-Nunez declares that hemoglobmunc fever may be an allergic 
phenomenon associated perhaps with infestation by a ceitain plas- 
modium In sensitive persons a minute mtracutaneous injection of 
a suspension of the plasmodium treated with solution of formaldehyde 
pioduced a positive cutaneous reaction 

Certain diseases of the eye may depend on alleigy Conjunctivitis is 
the most important and may be due to some substance contained in cos- 
metics or m preparations like henna and “lash lure ” Unger leviews 
the recent literature and describes the evidence for allergy as a cause 
of vernal catarrh Vaughan and Sullivan have evidence that 
allergy may play a part m essential hypei tension means of 

a carefully taken history, cutaneous tests and the leukopenic index, 
dietary factois were found in certain cases which did seem to have 
a direct relation to the height of the blood pressure, which fell markedly 
when the different foods were lemoved Gay,^^' of St Louis, also 
comments on food allergy in cases of essential hypertension and in 
paioxysmal tachycardia Cutaneous tests were not common in his 
series, but, as he writes, “it is more impoitant to discover what a food 
does to the oiganism as a whole than to discover what the extract of 
that food does to an isolated portion of the skin ” Essential dys- 
menorrhea may be allergic, according to Schwartz and Smith,^-® who 
made a study of 35 patients and by “allergic management” brought 
relief to 29 patients, which was complete m 20 

Only a relatively few of the papers published on allergy and its 
manifestations during the year have been mentioned in this review 
As before, I have picked out only those papers and subjects which 
seemed to have a bearing on the aspects of allergy which interested 
me A line must be drawn somewhere simply on account of limitation 
of space, and there is no doubt that many good papers have been left 
out The literature has increased to the point that any complete review 
of the papeis published even in one yeai would require not an article 

124 Fernan-Nunez, M Hemoglobmunc Fever Is It an Allergic Phe- 
nomenon^ Am J Trop Med 16 563, 1936 

125 Unger, Leon Allergy of the Eye, Ear, Nose and Throat, Illinois M J 
71 47, 1937 

126 Vaughan, W T , and Sullivan, ‘C J On the Possibility of an Allergic 
Factor in Essential Hypertension, J Allergy 8 573, 1937 

127 Gay, L P Food Allergy in Internal Medicine, with Special Reference 
to Paroxysmal Tachj'cardia and Essential Hypertension, J Missouri State M A 
34 332, 1937 

128 Schwartz, O H , and Smith, D R Essential Dysmenorrhoea and 
Allergy, Am J Obst & Gynec 33 331, 1937 
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but a whole book Certain topics, like acet}Icholine, the increasing 
appreciation that the value of cutaneous tests is limited, the nature 
and treatment of perennial vasomotor rhinitis, fungous allergy and the 
recent evidence of the great specificit} among fungi, and certain new 
treatments for intractable asthma seem to represent the important con- 
tributions made during the year I must emphasize that great selec- 
tion has been necessary and that many readers wull be obliged to look 
elsewhere for complete information on some of the special aspects of 
the tremendous and fascinating problems presented by clinical allerg}’’ 
263 Beacon Street 
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Cancer and Diet By Frederick L Hoflman Price, §5 Pp 767 Baltimore 
Williams & Wilkins Company, 1937 

This volume of 767 pages represents the result of years of work Much of the 
expense of the study and of the publication of the book was borne by Mr Pels, 
of Philadelphia Unfortunately, the work was carried on in such a way that the 
reviewer, at least, cannot be sure of what it all means At first glance it seems as 
if something definite could have been learned about cancer and its relation to diet 
if a careful statistician, well trained to avoid the many pitfalls that he m his path, 
were to have traveled about the world correlating the incidence of various types 
of cancer with the remarkable differences in dietary habits which are to be found 
in different lands But unfortunately, even then it might be impossible to draw 
conclusions because, as every pathologist knows, whenever a group of older persons 
come to necropsy a large number of cancers are always found the presence of 
which was not suspected during life Obviously, then, all figures purporting to 
give the incidence of carcinoma in any part of the world must be far from correct 
Much depends also on the average age of the persons studied Hence a missionary 
starting practice in China or Korea may for a time see so little cancer that he will 
be tempted to write an article on the anticarcinogenic effects of a vegetarian diet, 
but gradually as he gains the confidence of the people, some of the older men and 
women are induced by their children to consult the “foreign devil,” and then plenty 
of cancer is found 

The statistically minded and trained will be astounded to find Mr Hoffman 
saying in his introduction that he has “avoided the use of mathematics as entirely 
uncalled for and most likely to prove confusing to the nonmathematical mind” 
But why should not the book have been written primarily for mathematically 
minded, competent statisticians and written so that they could be convinced of 
something or other by the evidence presented? When will men learn that it is 
a sheer waste of time to convince people who are not competent to judge as to 
whether or not the work was good or bad? 

The feature of this book perhaps most distuibing to a physician who knows the 
literature and something about the men who have written it is the author’s apparent 
naive belief that whatever is to be found m an old textbook or an old medical 
journal is gospel truth For instance, m discussing carcinoma of the stomach 
not only does Hoffman quote cheerfully from Soltau Fenwiclc’s ancient book, which 
was antiquated even when it was published a generation or more ago, but he seems 
willing to assign this quotation the same value as he might give to the statement 
of a man who m recent years has carefully analyzed several hundred case records 

Worse yet is the author’s uncritical handling of his data and his apparent lack 
of all interest as to how they were obtained To him cancer seems to be cancer, 
no matter whether it is sarcoma of the thumb in a boy of 18 or carcinoma of the 
rectum in a man of 70 Furthermore, it appears to be all the same to him whether 
a man with carcinoma has a small nodule which has not yet affected his health in 
any visible way or whether it is as big as the hand and has reduced the poor 
victim to skin and bones 

For instance, on page SOS the author, while apparently trying to find out what 
etiologic relation there is between constipation and cancer, states that the proportion 
of male patients with cancer having no daily bowel movement was 116 pei cent 
against 8 4 per cent for the male control patients without cancer But what can 
this prove? One would first need to know in what percentage of cases the car- 
cinoma was in the colon or at the pjdorus, where it could produce constipation, 
and more important yet, one would need to know in how inanj'- cases constipation 
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preceded the onset of the carcinoma? In how many was it simply the result of 
the weakness, starvation and inactivity produced by the carcinoma? And then 
what IS constipation? Many persons \\ho would classify themsehes as constipated 
have really had diarrhea for years, owing to the taking of a daily purgative So 
far as one can tell from the book, such questions bother Hoffman not a bit 

He goes on to state that the best discussion on intestinal stasis in relation to 
cancer vith which he is familiar is m the book by Jordan This is disturbing, 
because it would probably be hard to find any American roentgenologist who 
would have a good word to say for this now-forgotten book which Jordan wrote 
3 ears ago to back up the views of his co-worker Sir Arbuthnot Lane Strangely, 
also, Hoffman still feels great admiration for Lane as the “foremost authority on 
intestinal stasis ” One wonders where in America today he could find any eminent 
or well posted physician who would join with him m eulogy of this erstwhile 
booster for Fleischmann’s yeast 

And so it goes, until the busy ph 3 ^sician is compelled to turn away with the 
feeling that if anything of value can come out of such loosely gathered statistics 
— such averaging up of cats, dogs and giraffes, he does not have the time to 
search for it 

Morphologische und tierexpenmentelle Studien uber dem Schleimhautre- 
lie£ der Magen-Darmkanals By Stenn Grettve Acta Radiologica Price, 
10 kronor Stockholm P A Norstedt & Soner, 1936 

The increasing importance of the relief topography of the mucosa in the refine- 
ment of gastro-intestinal roentgenography is well recognized The constitution 
of the elements of the relief topography has been made the subject of an exhaustive 
morphologic and experimental investigation by Stenn Grettve at the Karohne 
Institute in Stockliolm He has made a comprehensive survey of the literature 
of the past hundred years and places special emphasis on the work of Forssell, who 
emphasized the plasticity of the mucosa and the lack of preformed anatomic folds 
Grettve demonstrates that the thickening of the muscularis mucosae at the 
height of a fold is an active process of contraction The mucosal capacity for 
enlargement in response to intraluminal changes in pressure includes the ability 
of the low relief to alter its surface Thus when the stomach is full the crypts 
are widened and flattened, and it is possible to see the openings of the glands at 
the bottom of the crypts These changes are illustrated clearly 

Combining submucosal injection of saline solution with arterial injection, the 
author obtained a clear reconstruction of the vascular arrangement in the gastric 
submucosa and inner mucosa, which he describes in detail He concludes that the 
vascular supply is a factor but does not determine the changes in the form of the 
submucosa 

A special apparatus was devised to isolate portions of the stomach of a living 
animal so as to permit a study of the mucosal reaction to physical and pharma- 
cologic agents and to changes such as stretching or contraction of the muscularis 
propria The mucosa is a soft, pliable membrane, possessing a marked capacity 
to resist mechanical influences Passively induced physical changes are temporary 
and are readily followed by a return to the original pattern, which has a certain 
configuration typical of the species but varies m minor detail from time to time 
and from person to person Locally applied epinephrine causes passively induced 
changes to endure longer It causes higher, softer, smaller and more numerous 
folds, with increased sinuosity Pilocarpine hydrochloride applied locally creates 
lower, broader and fewer folds Intravenous administration was less effective m 
both cases The muscularis mucosae is considered the site of these changes 
Confirmation of pre\ious experiments concerning the special adaptabiht 3 ’’ of 
the mucosal surface to solid particles is established The direction that high folds 
assume under the influence of contractions of the outer muscle wall follow's ob\ious 
physical laws , i e , it is at right angles to the axis of contraction 

A quantitative analjsis was made of the w'ater content of the w’all of the 
stomach This w'as greater m the full than m the emptj stomach There was 
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more than twice the content of water in the folded portion as in the fold-free 
portion The water content of the mucosa and submucosa combined was found 
to be higher than that of the muscularis 

Finally the author exhibits the distribution of the capillaries and finer arteries 
in the mucosal surface 

For one set of experiments anesthetized cats and rats were given histamine 
intracardially, and before death the portal vein was clamped, thus producing the 
maximum exhibition of the capillaries The sections showed large numbers of 
distended capillaries in the mucosa but only sparse filling of the submucosal 
capillaries The serosal capillaries were numerous and well filled The sites of 
the microscopic and low relief showed marked capillary vascularity compared with 
the furrows between the relief structures The author believes that the surface 
capillary network may contribute to the formation of the microscopic appearance 
and low relief 

In conclusion, the author states that the mucosa through its intrinsic muscula- 
ture plays an important role in the form and function of the digestive surface of 
the gastro-intestinal canal There is an active process of mucosal accommodation, 
partly to the surface and form of the outer muscle wall and partly to the intra- 
luminal contents To a lesser extent there is passive wrinkling induced by con- 
traction of the outer wall All the processes serve to meet the varying needs of 
digestion 

Materia Medica, Toxicology and Pharmacognosy By William Mansfield, 
A M , Pharm D , Professor of Materia Medica and Toxicology, Union Uni- 
versity Price, $6 75 Pp 707, with 202 illustrations St Louis C V Mosby 
Company, 1937 

This book has individuality and a good deal of charm As is stated in the 
preface, it is a textbook and reference work on the therapeutics, toxicology, 
pharmacognosy and posology of the official drugs of "The Pharmacopoeia of the 
United States of America” and the “National Formulary” 

It IS an interesting combination — in many ways an old-fashioned herbal walking 
hand in hand with a modern textbook One sees pictures of homely herbs and 
flowers, like thyme, roses or foxglove, and learns how as the years have passed 
they have come to be used by medical men as thymol, pills of aloe and mastic or 
tincture of digitalis The illustrations from the herbals are not perfect but are 
sufficiently good and reasonably clear For the unknowing there are short chapters 
that deal with the elements of botany which every physician should know and also 
a simple glossary whereby an ignoramus can quickly become fascinated by a new 
and pleasant language and wish to learn more of it 

The toxicologic portion of the volume is more orthodox Particular emphasis 
IS laid on the point of view that any drug is a medicine only so long as it produces 
a therapeutic effect and that it becomes a poison when the amount taken causes 
sickness, disease or death Considerable space is occupied in describing the toxic 
manifestations of many drugs and the procedures to be employed in offsetting them 

Finally is listed the dosage of drugs given in “The Pharmacopoeia” and in the 
“National Formulary,” grouped first from lowest to highest dose and later alpha- 
betically A good index completes the work 

One IS inclined to agree with the author A volume of this character should 
indeed prove useful to physicians, pharmacists, and students of medicine, pharmacy 
and nursing 

Clinical Roentgenology of the Cardiovascular System By Hugo Roesler, 
M D Price, $7 SO Pp 343, with 199 illustrations Springfield, 111 Charles 
C Thomas, Publisher, 1937 

Intensive investigations have created gaps — ^unavoidable by ^ irtue of th^*'" 
inherent trends — ^between varied and yet related fields of medical science In the 
attempt to bridge one of these gaps, the clinician and the roentgenologist have 
built up a loose form of cooperation, each borrowing from the knowledge and 
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c\i)ciiciicc of the olhei. “Clinical RoentRonoloj^y of Ihc Caidiovascnlai SysUiii" 
oftcis to the caicliologist cvciy thing that its title iinplics Ihc authoi, fuiula- 
iiiciitally a clinical physiologist and thoioughly convcisant with the incchaiiisiii 
of caichac symptoms and signs, has made a locntgcnologic study of the caidio- 
vasciilai system, with all the fundamentals of noiinal and pathologic physiology 
projected into his obsci rations That is, he has hoi lowed dncclly fiom the 
spcciah/cd htanches of medicine and not fiom the specialist in intci pi cling them 

Consideiablc attention is given to the deseiiption of collect locntgcnologie 
technic, including oilhodiagiaphy and kyinogi.iphy The dilfieultics cncountcicd 
and the mathematical considci.itions involved in the dctctnnnalioii of the si/c and 
volume of the hcait aie fully discussed, Ulic hook includes a chapici coveiing 
the iinpoitant details of ai tci logiaphy 'I'he desciiplivo pie (me is dcai, and the 
objective findings of fiuoioseojiy aie eon elated will) the jdienomcna icsjwnsihle 
foi the cluneal pieluic 

The dilTcicntial diagnosis of individual lesions nndci then sepaiatc headings 
has called foi a eeilani dcgicc of icpctilion Thu, howevci, the icadci will find 
nioic helpful than eumhcisome Jllusliations aie well scleeUd and adefiuatcly 
c\plaincd 

Quclqucs vfiiitds picmicrcs (on soi-disant idles) sur Ics maladies du 
foie. By Noel I'lessingei Puce, 24 fiancs I’p 82 P.iiis Masson & 

Cic, 1936. 

This shoit picscnlation of “some of the piimaiy liuths about hepatic disease" 
consists of many present day clinical avtoins, based mainly on the aiilhoi’s cvpcii- 
ence The axioms aie, as axioms should he, hiief and to the point The mono- 
graph IS devoid of any discusbion It is limited to ronsidci ations that aie accepted 
today as tiuths As slated by Ficssmgei , the tiuths of today may be the ctiois 
of tomoiiow 

The aulhot includes in the ptcsentatioii the cxainnialion of the patient, func- 
tional clislui bailees of the livci, oiganic hepatic disease, mcllioclb of roentgenologic 
•ind biliaiy study and ticatmcnt of hepatic disease Theie is a conbidei.ition of 
the vaiious clinical aspects of hepatic disease Foi instance, cirrhosis of the livci 
IS picscntcd as to etiology, symptoms, complieationb, piognosis and ticatmcnt, 
axiomatic statements being in.cdc for each phase of the disease. The chaplei on 
ticatmcnt is divided into two paits fust, “that which should be done" and, second, 
“that which should not be done” Dogm.itic sl.atcmcnts aie briefiv made fiom 
the medical and suigieal points of view 

This inlcicsling monogiajih contains many salient ehnical fads which ,iic 
dogmatically stated as the accepted tiuths of today Not only is the monograph 
inlcicbting and instinctive to those who aie seeking mfoiination about hepatic 
disease, but it is intcicsting and ciilei taming to those who aie well versed in the 
subject. The icvicwcr iccommcnds this monogi.iph to all physicians who have 
a few minutes to spate foi intcicsting and msliuetivc ic.iding 

The Clinical Use of Digitalis. By Dicw Lulen, MD, Associate Piofessoi of 
Clinical Medicine, the Washington University School of Medicine, and Physi- 
cian to the Baines Hospital, St Louis Piicc, 5^3 50 Pp 226 Spiingficld, 111, 
Chaiics C Thomas, Publishci, 19.36 

It IS the opinion of the i cvicwct that this book is one of the finest to be found 
at the picscnt tune on the subject of digitalis It is primarily a study of the drug 
fiom the clinical standpoint, and it is a well organised and well written summary 
of most of the impoilant contiibiilions to the subject during the past ten years 
It IS not suipiising that thioughout the book (hcic arc frequent delightful refer- 
ences to the hisloiy of digitalis and to Withering’s cases 

The fust chapters arc conccincd with the phatmacologic action of digitalis in 
Its cITcet on the vcntiicular muscle and on the conduction tissues, and they lay the 
backgiouiid foi the now generally accepted opinion that the therapeutic cfiicicncy 
of digitalis results from the action of the thug on the ventricular muscle and that 
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the improvement m cardiac function takes place not at the expense of increasing 
the work of the heart but by lessening its requirement for energy 

The clinical discussion of the indications, dosage, administration, contraindica- 
tions and dangers of the drug, which comprises the mam portion of the volume, 
IS in line with the general authoritative opinion of the day, in which there is 
but little disagreement In spite of this uniformity of opinion, digitalis remains 
a drug which, perhaps more than any other, is most frequently misused Physicians 
in general practice as well as those whose interest is primarily in cardiology will 
find much helpful information m this splendid volume 

Lehrbuch der roentgenologischen Differentialdiagnostik der Erkrankungen 
der Bauchorgane By Werner Teschendorf, MD, Chief Physician of the 
Radiologic Institute, General Hospital, Cologne Pi ice, 42 marks , bound, 44 
marks Pp 477, with 929 illustrations Leipzig Georg Thieme, 1937 

To the roentgenologist who is keenly interested in studies of the alimentary 
canal and abdominal organs every new book on the subject is a new-found treasure 
It IS true that there are already many texts and all must be essentially similar, 
yet all are more or less different in point of view, expression, illustration and 
emphasis on specific items, and these differences give value to each individual text 
These considerations apply fittingly to Teschendorf’s volume Lesions in the three 
jHirtions of the stomach — cardia, media and pylorus — are described separately 
Adequate demonstration of the internal relief is given the emphasis that it deserves 
Diseases of the small and the large bowel, pancreas, spleen, liver, gallbladdei, 
kidney, ureter and bladder are all well covered The text is succinct , the illustra- 
tions are extraordinarily clear Like all books, this one is not beyond criticism 
For example, it presents excellent illustrations of hypertrophy of the pyloric muscle, 
but the conical indentation of the bulbar base and the elongated, indented canal, 
which are characteristic of the disorder, are not mentioned However, that is a 
small fault that is more than offset by the general excellence of the book To the 
reviewer the most striking feature of the volume is the extensive and thorough 
description of the stomach after operation, with diagrams of all standard opera- 
tions This chapter alone would make the book worth while 


CORRECTION 

The legend foi chait 6 in the article by Drs Chestei S Keefer, Franz J 
Ingelfinger and Wesley W Spink entitled “Significance of Hemolytic Streptococcic 
Bacteremia A Study of Two Hundred and Forty-Six Patients,” which appeared 
in the December issue (Arch Ixt Mrn 60 1084, 1937), should read 

“Temperatures of patients with hemolytic streptococcic bacteremia for whom 
culture of the blood was made The blood was cleared promptly m all but 2 
patients without abscess formation, and recovery followed The arrows indicate 
the tune of incision of an abscess ” 

CORRECTION 

“Hydatid Disease Clinical Laboratory and Roentgenographic Observations” 
M F Godfrey, MD (Arch Int Med 60 783, 1937) 

On page 789, m the second line under “Characteristics of Hvdatid Flements,” 
the sodium chloride content of the fluid should have been given as 0 6 pei cent 
instead of 6 per cent 
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FATAL RHEUMATIC FEVER 

EDWARD F BLAND, MD 

AXD 

T DUCKETT JOKES, MD 

BOSTOX 

We present in this report chnicai observations on the fatal coiiise 
of rheumatic fe^er and its sequelae m 306 young patients Oui pui- 
pose IS twofold First, theie are important aspects of the natuial 
course of the. disease which are best displayed by this special gioup. 
and, second, certain clinical features which characterize the disease m 
Its more se\eie form aie not generally lecognized as important mani- 
festations of rheumatic fevei The significance of these less w'dl 
recognized manifestations becomes incieasingly evident fiom a con- 
sideration of these fatalities 

MATERIAL 

The material dealt with is in some respects unusual During the past sixteen 
\ears (since 1921) approximately 1,500 children and adolescents under the age 
of 21 years have received prolonged care in bed at the House of the Good Samari- 
tan during the course of active rheumatic fever and chorea The subsequent course 
of these patients has been followed b)' frequent examinations and, when necessary, 
by readmission of the patients to the hospital The present status of this large 
group IS known The 306 patients who are the subject of this report constitute 
those w'ho have died during the course of the study We are especially concerned 
hoivever, with the 250 fatalities direct!) attributable to rheumatic fever 

Although it IS not our purpose to discuss these fatal cases in relation to the 
entire clinical group, it is of some interest to note at this time that the first 1,000 
of the total of 1,500 patients have now been observed for an average period of 
more than ten jears The present status of this special group is as follows Of 
these 1,000 patients, 310 have no demonstrable cardiac damage, 426 have varyimr 
degrees of residual rheumatic heart disease, 243 are dead (and comprise the major 
part of the present study) and finally there remain 21 patients whose present status 
is unknown We are convinced that conclusions based on this and similar “aver- 
age” (and hence incomplete) after-history studies of the course of a disease as 
notonouslv variable as is rheumatic fever arc unreliable other than as an indication, 

From the House of the Good Samaritan 

The expenses of this stud) have been defravcd bv a grant from the Common- 
wealth Fund 

Presented at the meeting of the American Association for the Studv and 
Control of Rheumatic Diseases, Atlantic Citv, N J , June 7, 1937 
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in its broadest sense, of the general trend of events We propose to present later, 
as soon as the bulk of our observations permits, a detailed and final evaluation of 
the events •which have occurred during each year of the first decade of the disease 
in these 1,000 patients Until this information is available further statistical con- 
siderations can serve no useful purpose, nor can they be considered comparable to 
the completed ten year study recently reported by Grant ^ on the course of valvular 
heart disease in 1,000 men 

At this time we are concerned therefore •v\nth the incidence and significance of 
the factors responsible for the fatal outcome in the 306 patients No patient 
has been included whose age at the onset of rheumatic fever (or chorea) exceeded 
21 years, and the average age for the entire group was 8 j^ears It is to be empha- 
sized that our observations are relevant only to the first ten years of the disease and 
embrace essentially the age period from 8 to 18 years, the decade during which 
rheumatic fever is most prevalent and most damaging to the heart 


Table 1 — Causes of Death m 306 Fatal Cases 





No of Cases 

Percentage 

A 

Rheumatic fever 


250 

82 


Rheumatic fever nnci congestn e failure 

205 




Rheumatic fever 

2i 




Congestn e failure 

21 



B 

Bacterial endocarditis 


18 

G 


Acute 

4 




Subacute 

14 



C 

other causes related to heart 


0 

3 


Sudden death 

b 




Cerebral embolus 

3 



D 

Causes unrelated to heart 


1C 

5 

E 

Causes unknown 


13 

4 


DATA ON DEATHS 

In table 1 we have indicated on the basis of clinical study the causes 
of death in the 306 fatal cases The majority of the patients (140) 
died either at the House of the Good Samaritan or in a general hospital 
in Boston (85) The clinical notes thereby available lendei final 
judgment as to the cause of death reasonably accurate Postmortem 
examination was made in 74 instances (24 per cent) In each case 
in which rheumatic infection had been considered the primary cause of 
death, the clinical impression was confiimed Each of the remaining 
68 patients for whom we have information relating to the final illness 
died at home under the care of the family physician It should be 
noted that in 16 instances the cause of death was either accidental oi 
irrelevant to our present study There remain only 13 patients, who 
are known to be dead but foi whom the details of whose final illness are 
too meager to permit reasonable deductions as to the responsible factors 

1 Grant, R T After Histones for Ten Years of a Thousand Men Suffer- 
ing from Heart Disease, Heart 6 275 (June) 1933 
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The outstanding cause of death has been iheumatic fever It ^^as 
directly responsible for the fatal issue in 250 instances (82 pei cent) 
and rvas piobably an important contiibuting factor in 19 additional 
instances 

COURSE OF EVENTS 

In table 2 these 250 cases aie ananged accoiding to the years which 
elapsed from the appearance of the first lecognizable symptoms of the 
disease to the time of death Almost half the patients (47 per cent) suc- 
cumbed during the first thiee years, and two thuds (62 per cent) of the 
fatalities occuned in the first five 3 ''ears These figuies assume incieas- 
ing significance when it is lecalled that the living counterpart of this 
group of deceased patients lepresents patients who have been followed 
toi approximate!}^ ten years and in many instances w^ell into the second 
decade of the disease This featuie of the natural course of rheumatic 
fevei, so stiikingly displayed b} the gioup wdio died is in agreement 

Table 2 — Dwation of Rheumatic Fezet ft out Onset to Death m 2^0 Cases 


Duration, Vcirs 

JL - 



1 

0 

o 

O 

4 

5 

C 

7 

S 

0 

10 

11 to 
15 

10+ 

9 

Number of cases 

j7 

27 

32 

IS 

10 

19 

10 

S 

0 

S 

25 

7 

”) 

Percentage 

21 

11 

li 

7 

s 

8 

c 

o 

o 

3 

3 

10 

o 

o 

2 

Cumulatn e percentage 

2J 

31 

47 


02 

70 

70 

79 

82 

87 

95 

98 

100 

Age at onset 

S 2 

8 1 

7 5 

70 

87 

81 

7 0 

70 

8 1 

80 

80 

7 0 

9 


With concurrent obseriations (as yet unpublished) on the gioup of 
Ining patients Here the importance of the first five years is also 
eiident as the peiiod beyond which leactivation and hence progression 
of cardiac disease, is much less likely to occur 

In 94 pel cent of our group of patients wdio died, representing the 
most unfavorable type of reaction (oi disease), evidence of cardiac 
imolvement was present from the onset of rheumatic fever Furthei-'^ 
moie, and perhaps of more fundamental importance, extensive cardiac ' 
enlaigement occuned eaily and was noted at the time of the initial 
attack in all of those who died within the first year of the disease 
Significant progi ession in vah ular disease oi an inci ease in the size 
of the heait wuth later attacks of rheumatic feier occurred in onl} 21 
of the 153 patients wdio succumbed dm mg the first five years 

These eaily }ears represent clearly a critical period wdiich determines 
111 laige measure the futuie course of the disease Thereaftei the 
extent of residual caidiac enlargement (and to a lesser degree the 
rapidity with which it deielops) senes as a reliable index of the origi- 
nal susceptibilit} of the patients caidiac muscle to pi e\ ions infec- 
tion and indicates furthei its i ulneiabihti to latei rccuidescenccs of 
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iheumatic actiMty Grant has shown in his gioup of older patients 
(men) that the degiee of functional cardiac limitation is diiectly i elated 
to the size of the heait With this conception our data are m general 
agreement, except that in oui group of considerably younger patients 
the dominant role of active rheumatic infection as the determining 
factor forces other consideiations well into the background 
^ It IS to be further noted in table 2 that there vas no significant 
I difleience between the age at onset of those patients who succumbed to 
, iheumatic fever within the first year of the disease and the age at 
I onset of those who died after a longer period had elapsed Fuither- 

I more, we haA^e been unable to confirm, at least so far as longevity is 

' concerned, the generall}'’ accepted impression that the younger the patient 
at the time of onset of rheumatic fever the less favorable the subse- 
quent course The data in table 3 reveal no diffeience in the duration 
from onset to death m the patients wdiose disease began during the 
first fiAe years as compared wnth the duration in those for whom 

Table 3 — Duiatwn fioiii Onset of Rheumatic Fevci to Death 


■iKP Tt Onset, Tears 



1 to 5 

6 to 10 

11 to 15 

ie+ 

9 

Number of patients 

Cl 

132 

OG 

IG 

3 

Duration from onset to death lears 

49 

->o 

50 

S 1 

9 


the onset dated from the second or third fire year period Our senes 
contains too few patients (16) in whom the disease began after the 
age of 15 years to Avariant the drawing of conclusions, yet the con- 
siderably longer duration of life m this small gioup agrees with oui 
clinical impression and with the observations of others - that the age 
of puberty represents a second, and in this instance favorable, landmark 
in the natural course of the disease 

CLINICAL OBSERVATIONS 

In certain important lespects the clinical picture of severe, and in 
this group fatal, rheumatic fever differs profoundl)'' from that repre- 
sented by the earlier manifestations of the disease It is frequent!} 
confused with the clinical picture of primary disease of the lungs 
(pneumonia) of the kidneys (acute nephritis) or of uncomplicated 
heart disease 

The fatal illness, the beginning of which w^as often poorly defined 
Ave haAe called for convenience rerminal In the majority it repre- 
sented an exacerbation of long-standing and clinically recognizable 

2 Wilson, M G The Natural History of Rheumatic Fever in the First 
Three Decades, J Pediat 10 456 (April) 1937 
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iheumalic fevei^ The cluiation of this so-called tciminal illness 
usually extended ovei a pciiod of months befoie the patient e\entually 
succumbed to an exaceibation ot toxic symptoms with met easing signs 
of heait failuie Less often the initial attack of iheumatic fevei 
piogiessed to a fated teimination without a iccognmable mteival of 
significant impiovement In 4 of the patients showing tlie most lapidh 
tatal involvement the duiation fiom the fust appeal ance of symptoms 
of the disease to the time of death was thiee months, ^^hclcas in 25 
additional patients death ensued within six months of tlie onset In a 
few instances a fulminant leciiidescence of appaicntly quiescent infec- 
tion ended fatally in as shoit a peiiod as ten da)'s (chait) 


Tabic 4 — Chmeal j\Ianifcslalioits of Rhcimatic Fctci Dnuna Final Illnc;'; in 

250 C(Mcs 




Xo of Cases 

Percentage 

I Miuor innnifcstations (so called) 



1 

Arthritis 

0 


2 

Chorea 

O 


2 

Nodules (see tevi ) 

4') 

CO 

4 

Carditis 

250 

500 


A St rue 




a 

2'0 

100 


b 

2'0 

100 


c Pericarditis (fiiction lub) 

17'* 

35 


B Functional manifestations 




a Tachycardia 

125“ 

100 


1) Congestive failure 

220 

00 


c Delayed aurieulo^ontiiiulai (ondiutlontelitlio 




eardiograpliic stinh ins’* is''') 

22 

10 


d Auiicular fibrillation 

15 

18 

II Pulmonary signs 



1 

Consolidation oi jilcuiisy (fiu tnni iiiti) 

2S» 

2S 

in Hepatic signs 



1 

Enlargement of In er 

135» 

100 


2 Jaundice l 

* On the basis of 125 patients ulio (tied of rliouimitic fever at the Houso of tlio Good 
Samaritan 

It is beyond the scope oL tins upoit to leview the moie geneially 
lecognized manifestations of ihcumitic fc\ei othei than to indicate 
ceitain featnies of the seveic foim which ha\c been especially piomi- 
nent m this gioup The clinical inctuu piioi to the fatal lecrudcsccncc 
IS one of pool health, palloi, loss of wciglit. vanable discomfoit in the 
joints, muscles, chest and abdomen and often a low giade febiile 
leactioii, with cyclic exacei hations Supei imposed on this ill defined 
syndiomc of poor health in childhood oi adolescence is a faiily chaiac- 
teiistic gioup of s)unptoms and signs Clinical obsei cation and post- 
moitem study have showm that they lepresent the manifestations of 
seveie iheumatic fevei In table 4 these clinical fcatuies aie ai ranged 
Under thiee headings, as follows 

1 Majoi Mamfcsfa/!0!?T—ln the fust dnision we have indicated 
the incidence dm mg the fatal illness of the foui so-called major mam- 
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festations of rheumatic fevei This designation not only possesses some 
merit from established usage but is helpful m contrasting the symptoms 
and signs of severe rheumatic fever with the more geneially recognized 
clinical picture of the disease It is evident that important difteiences 
exist 

Arthritis Arthritis, manifested by acutely painful, tendei or swollen 
joints, was not present in any case during the couise of the terminal 
illness A history of arthritis, howevei , either at the onset of the original 
infection or with later recrudescences was common Although arthritis 



Chart showing a fulminant and fatal recrudescence of clinically quiescent 
rheumatic fever two weeks after an unexplained and transient elevation of tem- 
perature (J Clin Investigation 14 633 [Sept ] 1935) 

was absent, variable arthialgia causing sufficient discomfort to leqmre 
salicylate therapy was observed in approximately half the group It was 
never a prominent feature Fai more tioublesome were abdominal and 
precordial pain, the latter occasionally requiring opiates for relief The 
striking absence of arthritis and the relative mildness of articular mani- 
festations in this group of patients with the most severe type of 
iheumatic fever need special emphasis It is clear that if one fails to 
dissociate the two. the true nature of the seveie form of the disease will 
be frequently ovei looked 
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Choiea Chorea was laiely encoimleiccl Tn only 2 ]Daticnl& was jl 
piesent during the terminal illness, in both instances being manifested 
by a mild form of incoordination In 53 (21 per cent) of the total gioup 
of 250 patients who died of rheumatic fevei, choiea as a manifestation 
of iheumatic activity had been present dm mg past illnesses, as compaied 
with an incidence of 57 pei cent foi those still living This fuithei sup- 
ports our previously expressed opinion that chorea is usually associated 
with a relatively mild foim of rheumatic fever ' Choiea msaniens was 
not obseived in the group of patients who died and has not been obscivcd 
in those still living 

Subcutaneous Nodules Subcutaneous nodules wcie ]ncsent in 49 
of the 83 patients (60 pei cent) who have died at the House of the 
Good Samaritan since 1930 These stiuctures are often found only aftei 
diligent seaich, being easily ovei looked m a caieful but otherwise lou- 
tme examination We have theiefoie based the incidence on the post- 
mortem data for patients personally obseived by us during the past six 
years Rheumatic nodules appear to be of no piognostic significance 
other than with respect to their chaiacteiistic association with a scveie 
and protracted form of the disease 

Carditis Carditis was the only one of the four inajoi manifestations 
piesent in every patient Extensive and active involvement of the heait 
was manifested clinically by marked enlargement (dilatation), tachy- 
cardia, characteristic murmuis and ultimately failure of the congestive 
type In a few instances of unusually fulminant iheumatic infection 
death ensued before the appearance of general venous engorgement 
However, carditis was recognized clinically in 90 pei cent of those who 
died of rheumatic fever 

The significance of the occurrence of congestive heait failure in 
patients with rheumatic heart disease during the fiist two decades of 
life, previously discussed by others,* is worthy of further emphasis 
We have reason to believe it is not generally appreciated that heart 
failure in this age group is not primarily an expression of mechanical 
strain, but represents activity of the essential rheumatic process in the 
heart The course in our fatal cases, supported by postmortem study as 
uell as parallel observations on our group of living patients, is in agree- 
ment with this conception Although in cases of otherwise obscure 
involvement careful search usually reveals evidence of rlieumatic activity, 
occasionally heart failure remains the only demonstrable evidence The 
presence of nodules, otherwise often overlooked, has been particularly 

3 Jones, T D , and Eland, E F Clinical Significance of Chorea as a 
^fanifestation of Rheumatic Fever, JAMA 105 571 (Aug 24) 1935 

4 Rothschild, M A , Kugcl, A , and Gross, L Incidence and Signifi- 
cance of Active Infection in Cases of Rheumatic Cardioeascular Disease During the 
Various Age Periods, Am Heart J 9*586 (June) 1934 
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helpfxil in disclosing clinicalh the relation betA\een actne rheumatic 
fever and heart failure — a relation to A\hich postmortem stud} in this 
series has as }et re\ealed no exceptions Therefore in 21 instances in 
\\hich the clinical notes were other\\i5e inadequate ^^e have considered 
the presence of congestne failure as eMdence per se of actne rheumatic 
fe\ er 

Acute fibrinous pericarditis recognized clinically b\ a pericardial 
friction rub vas noted during the final illness in 35 per cent of the 135 
patients ■nho died of rheumatic fe\er at the House of the Good Samari- 
tan Of those studied post mortem 55 per cent shoned eMdence of 
acute pericardial inflammation nhereas 80 per cent showed eMdence 
of either acute or chronic pericardial imohement Excessne amounts 
of pericardial fluid, be3ond 200 cc vere rarely encountered In 1 
instance 800 cc vas remo\ed h} paracentesis and m a second instance 
1 200 cc was removed post mortem In the latter instance pericardial 
paracentesis in the fifth left interspace just inside the left border of 
cardiac dulness had yielded arterial blood (left ventricle) and no fluid 
It IS of further interest that in spite of the high incidence of pericardial 
im olvement ith rheumatic f e\ er no instance of Pick s s) ndrome has 
} et been encountered 

Electrocardiograms taken at frequent interNals for the patients ^^ho 
have died in the House of the Good Samaritan since 1928 pro%ed to 
be of no lalue in predicting the fatal outcome In 40 per cent there 
nas a delay in the aunculo^ entricular conduction time be}ond the 
accepted normal of one-fifth second In onh 2 instances ^\as the dela^ 
of sufficient extent to cause ‘ dropped beats ” It happened that these 2 
patients were, recening moderate amounts of digitalis ^^hlch may haie 
been in part responsible for the higher degree of block Xo instance of 
complete auriculo\ entricular dissociation or of an intraA entricular con- 
duction defect was encountered An abrupt and striking slouing of the 
pulse rate from a le^el of from 110 to 130 to a le\el of from 60 to 70 
per minute occurred for a few hours before death m 6 patients In 
1 instance an electrocardiogram was obtained during this phenomenon 
and showed sinus brad}cardia but no defect in conduction The explana- 
tion for this occasionally obseiw ed terminal slow mg of the pulse remains 
obscure 

Auricular fibrillation was present in 18 per cent of the patients, in 
spite of the > outlifulness of the majont} of them The Aoungest patient 
m whom w’e liaie seen this arrhithmia was 7 }ears old this disorder 
being the terminal event for tivo da} s prior to death It may hai e been 
sigmficant that this patient was recenung full doses of digitalis at the 
time The }oungest patient AMth established fibrillation was 9 }ears of 
age and the arrln-tlimia persisted until death occurred two years later 
In 4 additional cases auricular fibrillation ensued at the age of 11 years 
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It IS of considerable significance that in 36 (80 pei cent) of a total of 
45 patients who had auiiculai fibi illation a lecrudescence of rheumatic 
fever was cleaily the pi ecipitating event Paiox}smal taclncardia (pie- 
sumabl} of auriculai oiigiii) occuiied in 5 patients dniing se\eie iheu- 
matic fevei Death occuiied abrupth during the couise ot se^ele 
infection in 17 of the childien who died at the House of the Good 
Samaiitan It suggests as a terminal event the occasional occuiience 
of either ventricular fibrillation oi standstill of the heait 

2 Puhnonai y Signs — Evidence of invoheinent of the lung othei 
than the simple congestion of heait failure oi an associated pleuial 
effusion was obseived in 28 pei cent of the patients under obseivation 
in the hospital duiing then final illness Areas of consolidation, variable 
in size and distribution but usually bilateial, iveie encounteied during 
severe exaceibations, especially in the cases of fulminant involvement 
An associated pleural fiiction lub was common with undei lying con- 
solidation, less often a friction lub alone constituted the onl} clinical 
sign of pulmonary and pleural invohement Post moiteni these aieas of 
consolidation represented gioss hemorrhage in the pulmonaiy tissue 
which has been discussed by othei s and designated iheumatic pneumonia 
The physical signs associated with these lesions in a number of instances 
pi 101 to study in the hospital weie incoirectly attributed to piimai\ 
disease of the lungs (pneumonia) It is to be emphasized that in oui 
expeiience we have not encountered this consolidation as an isolated 
phenomenon but only as a complication in patients othei wise ill with 
a severe type of rheumatic fevei 

3 Hepatic Signs — In the piesent senes stiiking changes weie con- 
stantly obseived in the liver both clinically and pathologically In pie- 
vious reports the hepatic signs have leceived lelatively little attention 
Enlargement (and tenderness) of the livei, both in the absence of and 
out of propoition to general venous engorgement, has been an outstand- 
ing featuies in the fatal cases Postmoitem obseivation not only confiinib 
the constancy of this finding but leveals chaiacteiistic changes Giossh 
the appeal ance is that of an enlarged congested livei piesenting on sec- 
tion an unusually mottled “nutmeg” appearance In cases of extienu 
involvement extensive aieas of hemoiihage are present and occasional!} 
deposits of fibrin supeificially Micioscopic examination reveals vide- 
spiead destiuction of hepatic cells m the cential portion of the lobules 
out of pioportion to and apparently independent of the degree of asso- 
ciated congestion The pattern in cases of seieie involvement resembles 
that observed m ceitam types of severe toxemia In spite of the exten- 
sive damage, clinical jaundice was rarel} encountered (4 instances) So 
impiessed have we been b} the alteiations obsened post mortem that 
a detailed investigation of then significance is now in progress 
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OTHER CONSIDERATIONS 

From the total gioup of 306 patients who have died theie lemain 
56 (18 per cent) in whom factors other than rheumatic fevei weie 
primarily responsible for the fatal teimination 

Secondary bacterial infection of cardiac \alves previously scarred 
by iheumatic fever accounted for 18 deaths (6 per cent) In 4 of these 
18 patients acute bacterial endocarditis was responsible for death The 
youngest patient was 3 yeai s of age, and a pneumococcus was the causa- 
tive organism In the remaining 14 cases the clinical couise was that 
of subacute bacterial endocaiditis Streptococcus viridans was the 
lesponsible agent in each instance The youngest patient who died of 
subacute bacterial endocarditis was 6 yeais of age, death occuiring three 
3 ^ears after the onset of rheumatic fever It seems to us that 6 per cent 
is a discouragmgly high figure m view of the fact that we aie dealing 
here with a group of young patients during the first decade after 
rheumatic fevei and an age group m which bacterial endocarditis (espe- 
cially the subacute t 3 ^pe) is geneiall 3 f considered an infrequent com- 
plication 

Theie lemain a few additional instances in which the cause of death 
was apparently related to the heait Sudden death occurred in 6 patients 
with known iheumatic heart disease We have observed sudden death 
in older appaiently well patients in whom postmortem study revealed 
active rheumatic m 3 ^ocarditis as the onl 3 '- reasonable explanation ^ It 
happened that autopsies nere not performed on this group of 6 
patients In 3 of the remaining patients cerebral embolism, unassociated 
with known rheumatic activity or with bacterial endocarditis, lesulted 
in death In the remaining 29 patients the cause of death was eithei 
cleaily unrelated to the heart or, as in 13 instances, entirely unknown 

SUMMARY AND CONCLUSIONS 

Since 1921 (sixteen years) appioximately 1,500 children and adoles- 
cents under the age of 21 3 ^ears have leceived hospital care at the House 
of the Good Samaritan foi iheumatic fever and chorea The subsequent 
course and present status of this large group are known We have pre- 
sented m this report data relevant to the 306 patients who ha\e died 
Postmortem examination was made in 74 instances (24 per cent) From 
a consideration of this gioup of patients who have died the following 
conclusions may be cited 

1 Rheumatic fever has been the outstanding cause of death and 
was directly responsible for the fatal issue in 250 instances (82 pei 
cent) 

5 Rheumatic Myocarditis, Cabot Case 22041, New England J Med 214 154 
(Jan 23) 1936 
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2 ihe eaily }ecus aftei the onset oi the disease ha\e pio\cd to he 
a ciitical peiiod In appioximately hall (47 pei cent) of the fatal cases 
death occuiied dining the fust thicc jcais and in tMO-thnds (62 pei 
cent) dining the initial five }eais 

3 Theieaftei the extent of lesidiial caidiac enlaigement (dilatation) 
and, to a lessei degiee, the lapidih nith which it de\ eloped ha\c sened 
as the most leliable ciiteiia of the seveiit) ot the pieeeding in lection 
as ^^ell as an index of the fiitine susceptibility of the mdi\idiial patient 
to subsequent fatal ihenmatic fc^el 

4 The age of the patient at the tune of onset ol ihenmatic fevei 
(oi choiea) dining the inst fifteen yeais of life has been of no signifi- 
cance so fai as subsequent longcvit} is conccined 

5 The manifestations of fatal ihenmatic fe\ei have been stiessed and 
contiasted with the geneially accepted clinical pictine of the disease 



ATYPICAL FACIAL NEURALGIA 


AN ANALYSIS OF TWO HUNDRED CASES 
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The occuirence of contmuous and obscuie pains about the face and 
head for which the usual methods of relief, both medical and surgical, 
have as a lule failed has been the subject of considerable investigation 
since 1920 The patients whose recoids are here analyzed have run 
the gantlet of numeious ph)sicians, both local and foreign, 1 patient 
(who IS a physician) having visited 126 physicians in America and 
on the Continent Useless and meddlesome surgical pioceduies have 
been pei formed not only on the trigeminal tract but on the nasal sinuses, 
the abdomen and the pelvis, and there has been wholesale extraction 
of teeth as well Peculiaily enough, not only have these opeiations 
failed to accomplish their puipose, but m piactically all cases the pain 
has been much woise theieafter 

Though many of these patients complain bitteily of pam during the 
examination, their facies rarely indicate such severity This is in con- 
tiadistinction to patients with tiigemmal neuialgia, uho during an 
attack show eveiy indication of the exciuciating nature of the pain 

Fiom 1908 to 1916 Sluder’- observed that the bony paitition sep- 
arating the accessory nasal sinuses fioin the sphenomaxillary fossa 
may be extremely thin or even defective He said he believed that 
inflammation within these cells inaj cause involvement of the spheno- 
palatine ganglion, with the lesulting development of a neuialgic sjn- 
diome, which he described as follows 

The neuralgic picture is pain in the root of the nose and in and about the eie, 
in the upper jaw and teeth (sometimes lower jaw and teeth) extending backward 
under the zygoma to the ear, frequently making earache and pam m the mastoid 
but severest often at a point 6 cm back of the mastoid, extending thence to the 
occiput, neck, shoulder-blade, shoulder, breast, and when severe, to the arm, 
forearm, hand and fingers , with sometimes a sense of sore throat on that side 
Rarer additions to this picture are itching of the skin of the upper extremity, 
taste disturbances (parageusia), a sense of stiffness and muscle weakness in the 
upper extremity and fortification scotomata Mild cases are described as a sense 

1 Sluder, G Headaches and Eve Disorders of Nasal Origin, St Louis, 
C Y kfosbv Company, 1918 
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of tension in the face and stiffness or rheumatism in the shoulders It ina} appear 
as a constant pain with exacerbations, or it may stop and reappear c^chcalI 3 as 
a migraine , or it may stop and reappear with stabbing sharpness as a tic 

In 1920 Cushing - lepoited the case of a woman 35 years of age, 
who fiist came undei his obseivation in 1906 because of facial pain 
After numeious injections of alcohol, peiipheial neuiectoni} and cmiI- 
sion of the tngemmal loot, she still complained of pain in spite of the 
existence of anesthesia A diagnosis of sphenopalatine neuralgia uas 
made, and twice injection of alcohol into the sphenopalatine ganglion 
was attempted without affoiding relief Finally the sphenopalatine 
ganglion was surgically lemoved, still without lelief In Jaiuiar} 1920, 
thiiteen yeais latei, the patient still had the oiiginal pain Cushing has 
obseived 6 or 8 similar cases, and this expeiience has led him to bewaie 
of patients with this type of pain 

In 1923 Davis ^ repoited on a patient uith continuous pain in the 
face, light enophthalmos, with diooping of the uppei eyelid, a slightly 
smallei pupil on the light and increased laciimation on tlie light This 
patient was not relieved by injections of alcohol oi of cocaine into the 
sphenopalatine ganglion 

In 1923 Fiaziei and Russell * called attention to the existence of a 
miscellaneous gioup of these neuralgias to which, for want of bettei 
undei standing as legaids oiigin and treatment and foi want of bettei 
terminology, the name atypical neuialgia was applied Aftei analyzing 
60 cases they enuineiated some diagnostic points which enable one to 
difteientiate these neuralgias fiom tiue trigeminal neuralgia, thus 
avoiding section of the sensoiy loot At that time they emphasized the 
constant character of the pain, stating definitely that it was not intei- 
mittent but paroxysmal, though vaiying in its intensity 

Reid and Eckstein,® in 1924, called attention to cases of neuialgia 
of the face in which relief was not obtained by excision of the trigeminal 
neive They quoted Heuer, who had the oppoitumty of examining 
a patient who had been operated on eight jears before and was not 
completely leheved by division of the sensoiy loot of the fifth nene 
The}'^ found that piessuie on the supeiioi ceivical ganglion pioduced 

2 Cushing, Harvey The Varieties of Facial Neuralgia, Am J \l Sc 
160 157 (Aug) 1920 

3 Davis, Loyal E Lesions of the Paratngeminal Area, J A. Af A. 80 380 
(Feb 10) 1923 

4 Frazier, C H , and Russell, Ethel C Neuralgia of the Face An Anahsis 
of Seven Hundred and Fifty-Four Cases with Relation to Pain and Other Sensor^ 
Phenomena Before and After Operation, Arch Neurol &. Psjchiat 11 o57 (Ala}) 
1924 

5 Reid, Mont R, and Eckstein, Gusta^ Sensor^ Disturbances Follow uw 
Svmpathectomy for Angina Pectoris, J A A 83 114 (Jub 12) 1924 
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pain in all thiee bianclies of the fifth nerve, though the face was totally 
anesthetic Thiee yeais later Fay® again called attention to the sign 
and applied the word carotidynia 

Parker," in 1924, described several cases of unusual facial pain in 
the area of the fifth nerve, resulting from various etiologic factois He 
further deplored the use of the woid atypical, which was in line with the 
opinion of Fiazier and Russell 

In 1928 Glaser ® reviewed the cases from Frazier’s clinic and found 
245 examples of the atypical variety From the 245 he segiegated 143 
with similarity of symptoms, namely, the lack of response to theiapy 
and the absence of any etiologic factor Because of inability to supply 
a better name than that first suggested by Frazier, this particular group 
was defined as representing atypical neuralgia From this study a clear- 
cut syndrome was drawn up No method of treatment was suggested, 
as all attempts directed toward relief had failed, and attention was 
called to the importance of the recognition of these cases 

In this original analysis of 143 cases, constancy of pain also was 
dominant In none of the cases was there evidence of short attacks of 
pain lasting for from several hours to several days In cases m winch 
an intermission of several years occurred an oppressive sensation pei- 
sisted None of these attacks could be consideied intermittent or 
paroxysmal Those of this nature were entirely eliminated from the 
analysis and belonged among the remaining 102 cases eliminated from 
this series 

Reports concerned with patients sufienng from obscure facial pains 
have appeared in the literature from time to time (Foerstei , “ Halphen, 
Monbrun and Tournay , Peet , Grant , Flothow , White , 

6 Fay, Temple Atypical Neuralgia, Arch Neurol & Psychiat 18 309 
(Aug) 1927, Atypical Facial Neuralgia, A Syndrome of Avascular Pain, Ann 
Otol , Rhin &. Laryng 41 1030 (Dec ) 1932 

7 Parker, Harry L Unusual Forms of Pain m the Area of the Fifth Nerve, 
J A M A 83 1672 (Nov 22) 1924 

8 Glaser, Mark A Atypical Neuralgia, So-Called A Critical Analysis of 
One Hundred and Forty-Three Cases, Arch Neurol & Psychiat 20 537 (Sept ) 
1928 

9 Foerster, O Deutsche Ztschr f Nervenh 106 109 (Dec ) 1928 

10 Halphen, Monbrun and Tournay Les cephalees en oto-neuro-ophtal- 
mologie. Physiologic pathologique et traitement. Rev d’oto-neuro-opht 7 161 
(March) 1929 

11 Peet, Max Minor The Role of the Sympathetic Nervous System in 
Painful Diseases of the Face, Arch Neurol & Psychiat 22 313 (Aug ) 1929 

12 Grant, Francis Personal communication to the authors, Jan 20, 1930 

13 Flothow, P G Relief of Pam from a Neurological Viewpoint, Northwest 
Med 29 69 (Feb) 1930 

14 White, James C Progress in the Surgery of the Sympathetic Nervous 
System in 1932, New England J Med 209 843 (Oct 26) 1933 
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Mixter and White/® Reicheit/® Davis and Pollock/" Abbott . \\bl- 

soii/® Fincher /° Turner/^ Braeucker/- Maiks/® Br3an/-^ H}s- 
lop/® Buckner and Riley/® Merwartb 2' and Cobb and Mixter-®) 
The piesent papei deals with 200 cases in which there r\as constant 
pain (143 of tliese cases have been previously reported) and 11 Inch haie 
been analyzed 111 order to show some of the characten sties A further 
classification of obscure facial pains, as well as the etiolog}^ and tieatment 
in some cases, will be the subject of anothei communication 

Numeious operations have been pei formed for the lelief of atypical 
facial neuralgia but none of them has been successful in this paiticulai 
group In appi oximately half the cases included in table 1 the patient 
was unable to relate the onset of pain to any particular cause, though m 
table 2 there may be noted numerous coincidental events from which the 
patient thought the pain might have oiiginated Accoiding to table 3 the 
onset was most common in the third decade of life, and in the majoiity of 
cases the pain developed m eaily life Females gieatly predominated 
ovei males, as shown in table 4 , while table 5 shows that the pain occuiied 
on the light, on the left and bilateially almost equally The distiibution 
of the pain followed, in general, a circulai aiea within the facial rasculai 
supply The pain was felt in the chin, along the nose, around the eje 
ovei the brow, to the veitex or temporal legion, 111 fiont of, in 01 

15 Mixter, J J , and White, J C Pain Pathways in the Sympathetic Ner\oits 
System, Arch Neurol & Psychiat 25 986 (May) 1931 

16 Reichert, F L Neuralgias of Head and Face, Am J M Sc 187 362 
(March) 1934 

17 Davis, Loyal, and Pollock, Lewis J The Role of the Sympathetic Nervous 
System in the Production of Pam in the Head, Arch Neurol & Psychiat 27 282 
(Feb) 1932 

18 Abbott, W D Diagnostic and Therapeutic Injections of the S 3 mpathetiL 
Nervous System, Nebraska M J 17 293, 1932 

19 Wilson, David C Atypical Facial Neuralgia, J A IM A 99 381 (Sept 
3) 1932 

20 Fincher, Edgar, in discussion on Wilson 

21 Turner, Carroll C , in discussion on Wilson 

22 Braeucker, W Die Fortschritte und die Zukunft der Svnipathicuschirurgie 
Nervenarzt 6 449, 1933, Ueber typische und atypische Formen ion Gesichts- 
neuralgien, Zentralbl f Chir 60 2454, 1933 

23 Marks, S B Sympathetic Nervous System as a Causatiie Factor in 
Atypical Neuralgia, Kentuckj^ J 32 393 (Aug ) 1934 

24 Bryan, A W Neuralgias of the Head and Reck, Wisconsin kf J 34 320 
(May) 1935 

25 Hj'slop, G H Face Pam, New York State J kled 36 91 (Jan 15) 1936 

26 Bnckner, Richard M, and Riley, Henry Alsop Autonomic Facio-Ceph- 
alalgia. Bull Neurol Inst New York 4 422 (Dec ) 1935 

27 Merwarth, Harold R, and Freimann, I Practical Neurologic Therapi 
Af Times & Long Island M J 64*2 (Jan ) 1936 

28 Cobb, S, and Alixter, T Lingual Spasm Ann Surg 101 49 (Tan) 1935 



Table 1 — Number of Opciattons of Vauous Types 


Injection of alcohol m branches of trigeminal nerve 70 

Injection of cocaine into sphenopalatine ganglion 66 

Extraction of teeth 74 

Operation on sinuses 60 

Avulsion of supra orbital and infra orbital nerves 24 

Aasal operation 21 

Cervical sj mpathectomy 12 

Stripping of periarterial carotid plexus 10 

Subtotal section of sensorv root of trigeminal nerv'c 12 

Mastoidectomj S 

Pelvic operation 8 

Paravertebral block 3 

Appendectomj 2 

Tonsillectomj 2 

Operation on brain 1 

Removal of lipoma of left ejo 1 

Excision of artarj 1 


Table 2 — Coinctdcntal Events 


Extraction of teeth 

4ccidents 

3S 

War wounds 

4 

Automobile accident 

9 

Railroad accident 

2 

Blow on head 

Diseases 

1 

Infiuenz i 

7 

Cold 

4 

Gastro intestinal disordci 

O 

Operation 

13 

M orries 

9 

Pregnancy 

1 

Nervous breakdown 

3 

Facial tic 

1 

Cocaine addiction 

1 

Lnknown 

105 


Table 3 — Age at Onset 


4ge 

Number of Cases 

010 

19 

10 20 

39 

20 30 

oG 

30 40 

3S 

40 50 

22 

50-60 

11 

Unknown 

15 


Table 4 — Incidence Accoiding to 


Sex 

Number of Cases 

Male 

4S 

Female 

152 


T 4BLE 5 — S-ide Imolved 



Number of Cases 

Deft 

66 

Bight 

5S 

Both 

70 
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thiough the eai and thence down into the suboccipital region Occasion- 
ally It enteied the shoulder, laiely the body This wide aiea ot dis- 
tiibution could occur in a single case (figuie) or individual aieas, or 
vaiious combinations of aieas could exist (table 6) 

The chaiacter of the pain is extremely difficult to dcsciibe. numeious 
adjectives being utih/ed by the patients In all, some seventy difleient 
adjectives and teims weie utilized This pain was nevei supeificial, 

Taelf 6 — Distubutwn of Pam lIiioucjJi Coui<;c of Di^c<i<!c 


No of Cnfcos 


A Individu il areas 21 

1 Lo\^er jarv, upper j n\, inside of Tnoutli J"> 

2 rye, supra orbital region S 

T Cheek, suboecipital region 5 


B 


Loucr ] nv to 


Upper jau 
Malar region 
Xoso 


fOrer eye 
pn eve 
lUnder eye 


I rental area JPcliind ear 
Temporal arenl'lhrongh ear- 
LParictnl area ifrontofear 


Occipital 

region 

Suboccipital 

region 

Neck 

Sliouldcr 

\nn 


fUpperjan ) 

Bi 1 Mai ir region ITo toniplete arc ns in B 
(Xose i 


fO\crejo ) 

B 2 iln eye Mo compielc ire <is in B 
(.Under ey< J 

fProntal area ] 

Bs iTcmpotal area ITo complete ire 1 = in B 
(Parietal area J 


C 


LoMcr 3 <ni tojUpper jaii r\({rar(Tomporal iiren-jNeik 


Cl 


Upperjan region)| nrpltmpoj d nrei{Nrek 


Ce 


Pje to(rar 


tT( mporal an ,i? 
?I ront il area \ 


f'lemporal areal 
C- irrontnl area | 
(Parietal area J 


B Body paresthesias plus B 


2S 


17 




0 


20 


2 '’ 

0 

C 

1 


Total 


200 


it was ahvays deep seated and aching, binning oi thiobbing In addition 
to those enumerated in talile 7, the folioMing desciiptions weie used 
The sensation was like teaiing celeiy, a thousand fishhooks pulling 
and tugging on the face, buds fljing undei the skin, the pounding of 
a hammei on the face, a hot pokei back of the eje, the cutting a^ay of 
pieces of bone oi muscle beneath the skin, a biuise a sav cutting the 
face, something m the jaw, a mass of fue, pins and needles stiffness, 
the feeling of menthol, the bu/zmg of a mosquito, a log on top of the 
head, a full feeling, a haul knot deep m the c^e the bursting of an 
cjeball, the pushing of the e,vc thiough (he head draiwng out the e\c 
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01 a ball of fire or electiicity in the eye Some patients described it as 
tiMtching, severe, jump}^ crawling, unbearable, wearing, pounding, 
surging, crushing, vibrating, excruciating or grabbing 

The pain Avas chronic, persistent and continuous, and associated 
with it Aveie attacks of greater or less severity, which would come on 
eithei acutely or insidiously If an attack of pain had an insidious onset, 
it AAould gradually increase in intensity over a period of from several 
hours to several days Then the pain Avould be at its height over a period 
of f 1 om several hours to several days During the period of most severe 
pain associated sympathetic phenomena were present in some cases and 
the patient would necessarity be confined to bed The attack might then 

Tablf 7 — Type of Pam 


dumber of Cases 


Dull aching 

8S 

Throbbing 

5S 

Burning 

53 

Shooting 

50 

Sharp 

42 

Sense of pressure 

39 

Drawing 

30 

Xeedle like 

26 

Boring 

24 

Toothache 

22 

Pulling 

21 

Soreness 

IS 

Gnawing 

17 

Bursting 

14 

Tearing 

14 

Electricitj 

14 

Hot iron 

12 

Tingling 

11 

Smarting 

11 

Xagging 

11 

Knifelike 

9 

Beating 

9 

stinging 

9 

Pricking 

8 

Bugs creeping 

8 

Itching 

8 

Gnppmg 

7 

Lightning 

4 


either suddenly subside or gradually disappear After that theie Avas 
the chronic phase of the disease These attacks might occur at intervals 
of several days to even months, but duimg the interim betAveen attacks 
the patient AAas never free from pain If a remission did occur, as it did 
m a fcAv cases, the picture of the neuralgia did not gwe the impression 
of being parox) smal or intermittent It is the constancy of the pain that 
makes up this syndrome In no case in this particular group Avas relief 
obtained by any therapeutic measure, though table 8 indicates some of 
the methods AA'hereby a certain amount of ease Avas found The local 
factors that aggravated the pain consisted of eating, contact, brushing 
the teeth bloAA mg the nose, sneezing SAvalloAving and shaAung and Avere 
present in 35 cases, AA^hereas in the lemaming 165 cases general factois 
Avere responsible for the onset In all the cases in AAdiich local factors 
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weie lesponsible foi aggiavating the pam, geneial factois also bi ought 
on the attack Sympathetic phenomena were present m 90 cases, n liereas 
in the remaining 110 cases there was no sympathetic invoIitmeiU 
This pain must be mainl}’’ diffei entiated fioin that of tiigeminal 
neuralgia The incidence of tic douloureux is equal in the two sevcs, 
wheieas m the cases of atypical neuralgia females piedominate Tic 
douloureux is bilateral in only 2 pei cent, whereas at 3 'pical nemalgia 
IS bilateral in one third of the cases Tic douloureux usuall) occuis in 
persons over 35 years of age, whereas atypical neuialgia occuis moie 
frequently in youngei persons Tic doulouieux ahvays follow's the 



The distribution of the pain in atvpical facial neuralgia 


distiibution of the tiigeminal nenc, wheieas atypical neuralgia follows 
the distnbution of no single cianial neive The pain in tic doulouieux 
IS superficial, wheieas that of at}pical neuralgia is deep ^^'hcn the 
trigeminal nerve is affected, theie aie intervals of freedom from pain, 
wheieas in cases of atypical neuralgia pain of some type is alwais piescnt 
Both of these diseases may be marked hv attacks of pain , but the attack 
of trigeminal nemalgia is shoit and tcnifically pamful, while the attack 
of atypical neuralgia is long, with pain of less intensit) The type of 
pain in trigeminal neuialgia is lancinating shaip and km f dike whereas 
that of atypical neuialgia is aching burning and nagging, being 
extremely difficult to describe The pain of tiigeminal neuralgia is 
brought on by the slightest local contact, while that of ahpical neuralgia 
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IS brought on by moie generalized iaclois, such as cold, fatigue oi 
excitement Trigger zones occm in trigeminal neuralgia, while tender- 
ness of the ceivical sympathetic ganglion oi the cervical artery is piesent 


Table 8 — Faciois IVhch Eased the Pam 


Acetylsalicylic acid 

Heat 

Morphine 

Xothing 

Pressure 

Hjint doun 

Cold 

Codeine 

Massage 

Dark room 

Smoking 

Chewing (paraffin in 2 cases) 

Epinephrine hj drochloride (spray) 

Hot weather 

Pressure on jugular rein 

Nonuse oi eyes 

Chloral hy dratc 

Number of Cases 

31 

24 

23 

18 

13 

11 

9 

8 

G 

4 

U 

3 

2 

2 

2 

1 

1 

Table 9 — Factois Aggtavatmg the Pam 



Number of Cases 

Local 


Cold 

G8 

Draft 

34 

Heat 

32 

Eating 

22 

Light 

14 

Contact 

15 

Brushing teeth 

12 

Vibrating 

11 

Reading 

15 

Wind 

8 

Blowing nose 

S t. 

Sneezing 

s 

Swallow ing 

G 

Shaving 

2 

General 


Fatigue 

G3 

Excitement 

48 

Menses 

3G 

Worry 

34 

Talking 

27 

Winter 

15 

Exertion 

17 

Night 

16 

Lying dow n 

IT 

Stooping 

13 

Morning 

11 

Noise 

IS 

Damp 

13 

Motion 


Cough 


Arguments 

1 

Washing face 

1 

Constipation 

1 

Nothing 

14 


in atypical neuralgia Tic doulouieux is entirely without associated 
sympathetic phenomena, but in appi oximately 50 per cent of the cases 
of atypical neuralgia there aie sympathetic phenomena 
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As theie aie othei cianial iieives which have a sensoi\ supply to 
the face, it may occasionally be found that a disordei of these ner\ es is 
confused with atypical facial neuralgia These neuralgias aie pai oxysmal, 
with acute lancinating pain lefeired to the distribution of the ner\e 
involved Foiemost among this gioup is glossophaiyngeal neuralgia, 

Tabll 10 — Sviitpotlictic Phcnomcua 


Number of Case' 


Ocular disturbance 

Lacrimation 52 

Edema 10 

Corneal injection 20 

Unequal pupils 20 

Blurred vision 0 

Photophobia 1 

Enophthalmos 2 

Nausea 00 

Vomiting 31 

Flushing of face 2S 

Nasal discharge 21 

Perspiration 11 

Salivation 11 

Puffy face 10 

Peeling of u armth 2 

Ringing in ears 2 

Soreness over temporal artery l 

Chills 2 

Aural discharge 3 


Table 11 — Diffci cniiatwtp of Tic Douloui cm and Atypical Ncttialqta 


Se\ incidence 
Bilateral pain 
Age 

Distribution 

Attacks 

Pain 


Onset following 
Tugger rones 

Sympathetic phenomena 
Narcotic addiction 


Tie Douloureux 
Equal 

In 2% (approximate) 

35 years and o\ cr 
Trigeminal ncr\ c 
Momentnrv, ^er^ se\ere 
Inters als of fiecdom 
Superflcial 

Lancinating, sharp 
kmfelike 

Slightest stimulation of 
skin or mucous membrane 

'Priggcr rones along tri 
geminal nen c (frequenth ) 

None 

None 


Atj pical Noiirnlgia 

Picdominanee of females 
In 33% (approximate) 

35 \ears and under 
No single cranial m r^ e 
Long, less se^ ere 
Continuous 
Deep 

-telling, boring, throbbing, ex 
tremely difficult to describe 

Cold, fatigue, excitement 

Tenderness on pressure in area of 
carotid and cenical s%mpatlictlc 
ganglions (frequentl\ ) 

In 50% 

Trequent 


m which the pain is pai oxysmal. shaip, shooting and lancinating, usualh 
beginning m the tin oat oi tonsillai} region or back of the tongue, then 
ladiatmg in fiont of the eai, down the throat into the lan and occa- 
sionally into the neck Occasional!} these patients complain of a “hack- 
ing” cough, sometimes the tic seems to be lehe^ed by pain in the eai 
and occasionally a feeling of di}ness of the mouth and saluation 
accompanies the syndiome A tiiggei 7one at times ma} be found at the 
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base of the tongue oi tonsillai legion, and an injection of cocaine aviII 
tempoiaiily lelieve the attack These attacks are always brought on by 
an effoit on the part of the patient, such as talking, eating or sw^allowing 
Suigical section of the glossopharyngeal nerve always relle^es the pain 
(Weisenbuig,-® Harris,=*° Doyle, Sicard and Robineau,=== Reichert, 
Adson,^^ Dandy®® and Stookey®®) 

In 1927 Fay expressed the opinion that the senson fibers of 
pain distribution to the phaiynx and to the region of the ear, in the zone 
of so-called glossopharyngeal neuralgia, do not correspond to a func- 
tion of the ninth nene and its intracranial representation He said 
he consideied this syndrome as a manifestation of the tenth nerve in 
the sensoiy poition and suggested the name vagal auricular phaiyngeal 
neuialgia No work has been earned out to coiroborate Fay’s opinion, 
and in view^ of the numerous cases of glossopharyngeal neuralgia in 
which lelief has followed section of the ninth neive, this idea has not 
gained lecognition 

Neuialgia of the supeiioi larjmgeal nerve has been desciibed by 
Avelhs,®® Hutter,®® Bailey Hai i is ■'® and Echols and iMaxw^ell It is 

29 Weisenburg, T H Cerebellopontile Tumor Diagnosed for Six Years as 
Tic Douloureux The Symptoms of Irritation of the Ninth and Twelfth Cranial 
Nerves, JAMA 54 1600 (Mav 14) 1910 

30 Hams, Wilfred Neuritis and Neuralgia, London, Oxford Universitj 
Press, 1926 

31 Doyle, J B A Studv of Four Cases of Glossophar} ngeal Neuralgia, 
Arch Neurol & Psychiat 9 34 (Jan ) 1923 

32 Sicard, R, and Robineau Algie "s elopharMigee essentielle, traitemcnt 
chirurgical. Rev neurol 27 256, 1920 

33 Reichert, Frederick Leet Glossopharyngeal Neuralgia, West T Surg 
39 347 (May) 1931 

34 Adson, A W The Surgical Treatment of Glossopharyngeal Neuralgia, 
Aich Neurol & Psychiat 12 497 (Noi ) 1924 

35 Dandv, W E Glossopharvngeal Neuralgia (Tic Douloureux) Its 
Diagnosis and Treatment, Arch Surg 15 198 (Aug ) 1927 

36 Stookey, B Glossopharyngeal Neuralgia Surgical Treatment, with 
Remarks on the Distribution of the Glossopharyngeal Nerve, Arch Neurol &. 
Psvchiat 20 702 (Oct ) 1928 

37 Fa 3 % Temple Intracranial Division of Glossopharjmgeal Ner\e Combined 
with Cervical Rhizotomy for Pain m Inoperable Carcinoma of the Tliroat, Ann 
Surg 84 456, 1926 

38 Avellis, G Typische Form von Kehlkopfneuralgie, 'Munchen med Wchn- 
schr 47 1592 (Nov 13) 1900 

39 Hutter, F Ueber Neuialgien des Nervus laivngeus superior, Monatschr 
f Ohrenh 63 402 (April) 1929 

40 Bailey, Percival Neuralgias of Cranial Nerves, S Clin North America 
11 61 (Feb) 1931 

41 Echols, Dean H , and ilaxw’ell, James H Superior Lar^ ngeal Neuralgia 
Relieved by Operation, JAMA 103 2027 (Dec 29) 1934 
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characterized by paroxysms of unilateial pain, which radiates from the 
side of the thyroid cartilage to the angle of the jaw and occasionalh to 
the ear There is a trigger zone at the plica of the nerve in the pyriform 
sinus Sw'allownng will bring on an attack There is a sensitne point 
superficially situated, above and lateral to the th}roid cartilage, wheic 
the nerve pierces the hypothyroid membrane 

The sensory innervation of the auricle and sunounding skin is 
complex The trigeminal, the facial, the \agus and pneumogastric (it 
IS almost impossible anatomically to separate the pneumogastric shaiph 
from the vagus nerve), the glossopharyngeal and the greatei auriculai 
nerve, wdiich arises from the second and third cervical nerves, suppl} 
this area As these areas overlap considerably, it is extremely difircult 
to determine the exact nerve responsible foi pain There is a group of 
neuralgias of the acute lancinating vaiiet) w'hich has been variousl} 
described in the literature under different names Hunt said he 
believed that the pain is due to involvement of the facial nerve Taylor 
and Clark operated on a patient and demonstrated that the pain was 
in the pars intermedia of Wrisberg Reichert operated on anothei 
patient, demonstrating the glossopharyngeal nerve as the responsible 
factor Hall stated that he was under the impression that the gi eater 
auricular nerve caused the pain in Ins particular patient Suffice it to 
say that acute neuralgia is extremely rare but must be consideied m 
conjunction with vidian and sphenopalatine neuralgias in their difteien- 
tiation from the more chronic type of so-called atypical neuralgia 

CONCLUSIONS 

The term atypical neuralgia is not satisfactory but has been used bv 
Frazier, Russell and Glaser to describe a peculiai deep-seated, aching 
pain that is constant, not paroxysmal or intermittent, but marked In 
attacks of greater or less severity, occurring at varying inteivals Remis- 
sions are rare Associated with this pain are sympathetic phenomena in 
50 per cent of the cases The pam does not follow the distribution of 
an} of the cranial nerv^es and involves the scalp as well as the face 

42 Hunt, J Ramsay Otalgia Considered as an Affection of (he Scn‘=on 
System of the Seventh Cranial Xerve, Arch Otol 36 543, 1907 

43 Clark, L Pierce, and Tavlor, Alfred S True Tic Douloureux of the 
Sensorj Filaments of the Facial Xerve Cure Eftected In Plnsiologic Extirpation 
of Geniculate Ganglion, JAMA 53 2144 (Dec 25) 1909 

44 Reichert, Frederick Leet Tvmpanic Plexus Neuralgia True Tic Dou- 
loureux of the Ear or So-Called Geniculate Ganglion Neuralgia, Cure Effected 
by Intracranial Section of the Glossopharv ngeal Nerve, J A Ztl A 100 1744 
(June 3) 1933 

45 Hall, George W Auricular Neuralgia, Arch Neurol R Psvchiat 29 015 
(March) 1933 



EFFECT OF EXPERIMENTAL CARDIAC INFARCTION 
ON RESPONSE TO DIGITALIS 
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In 1925 a study nas published b} one of us (Di Gold on the 
toleiance of the cat to ouabain in the piesence of coionai) occlusion 
It was found that within peiiods up to twenty-foui houis aftei exten- 
sive hgation of coronaiy vessels animals lequned on the a\eiage as 
much ouabain to cause death as did noimal animals These results weie 
confirmed m a lecent study (1934) by Bellet, Johnston and Schecter,- 
m which the diug was digitalis, the interval between the hgation and 
the testing was thirty minutes and the animal used was the dog These 
authois extended then studj to include chronic expeiiments, and fiom 
them they found that f oui da} s aftei the hgation the tolei ance to digi- 
talis had diminished by about 23 pei cent of noimal but that in from 
SIX weeks to six months some lecoveiy of toleiance had taken place 
(toleiance being reduced about 14 pei cent) The lattei figure, howevei, 
lepiesents an aveiage of lesults foi only four animals with two speci- 
mens of digitalis Two othei obseivations aioused oui inteiest fiist, 
that the i eduction in toleiance appeared to be propoitional to the size 
of the infarct and, second, that the cat appealed to behaie diffeiently 
fiom the dog, foi in pielimmaiy expeiiments it was obseived that in 
the cat no diminution of tolerance to digitalis occuried fiom six to 
eleven days after hgation of a coi onai y i essel 

Both of these obseivations weie significant and appealed to be in 
need of stroiigei suppoit An oppoitunity presented itself to look into 
this matter in the couise of anothei investigation,® m Avhich a laige 
numbei of cats had suivived foi thiee weeks after acute caidiac infaic- 
tion The effect of digitalis undei these conditions was investigated, 
and the results foim the subject of the piesent lepoit 

From the Department of Pharmacologj', Cornell University Medical College 

1 Gold, H Action of Digitalis in the Presence of Coionari' Obstruction, 
Arch Int Med 35 482 (April) 1925 

2 Bellet, S , Johnston, C G , and Schecter, A Effect of Cardiac Infarction 
on the Tolerance of Dogs to Digitalis, Arch Int Med 54 509 (Oct ) 1934 

3 Gold, H , Travell, J , and Modell, W The Effect of Theoph 3 dhne with 
Ethylenediamine (Aminophylhne) on the Course of Cardiac Infarction Following 
Experimental Coronary Occlusion, Am Heart J 14 284 (Sept ) 1937 
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EXPERIMENTAL METHOD 

Experiments were earned out on fifty cats The same tincture of digitalis was 
used in all the experiments 

The method of testing tolerance w'as uniform All operations were performed 
wnth the animal under local anesthesia The tincture was diluted twentj times with 
physiologic solution of sodium chloride and injected into the saphenous \em from 
a buret until there was cessation of the heart beat, which was alwajs preceded b\ 
a convulsion The solution w'as admmstered bj the interrupted method, a dose 
equivalent to approximately 2 5 per cent of the cat unit being injected at inters als 
of tw'o minutes 

An electrocardiogram (lead II) was taken just before the injection of each 
2 5 per cent fraction 

The blood pressure throughout the experiment was recorded from the carotid 
artery by a mercury manometer Clotting was prevented by the occasional injec- 
tion of about 0 2 cc of a 5 per cent solution of chlorazol pink into the sj stem near 
the cannula 

The animals wnth cardiac infarcts were those included in another nnestigation. 
and the details of the technics, as well as the condition of the animals, were 
described m that report'^ Briefly, the coronary sessel that was ligated was the 
left circumflex artery, except in two instances The left descending arterj was 
ligated m one and the left circumflex branch together wnth the right coronarj 
artery m the other Detailed autopsies were made in all cases The area of the 
infarct w'as measured wuth a plammeter after reproduction of the outlines on glass 
or paper ® 

RESULTS 

The eftects of digitalis were compaied for thiee gioups of cats 

Group A Animals three weeks after ligation of the coronary arterj (table 1) 
Group B Animals three wrecks after a control operation, in wdiich the coronan 
vessel W'as exposed but not ligated (table 2) 

Group C Animals on w'hich no operation w'as performed 

Influence of Inf ai chon on Vanous Actions of Digitalis — A Fatal 
Dose The average fatal dose of the tincture, detei mined by the technic 
of injection employed m this stud), was 0 82 (0 51 to 105) cc^ pei 
kilogram for the normal animal (nine cats) The average bod) iveight 
foi this gioup tvas 2 65 Kg, and the aterage period of injection was 
seventy-one minutes 

In gioups A and B, both comprising animals that had been opeiated 
on and had been kept under special conditions foi three w'ecks. it was 
necessaiy to take account of the change m body w'eight m calculating the 
fatal dose The tolerance of an animal to digitalis changes w'lth a loss 
of weight, but it has been found ® that the fatal dose per kilogram aftei 
staivation is the same as that foi the normal animal when the total dose 

4 It IS interesting to note that a slight modification of the technic did not 
appreciably change the size of the fatal dose, for an essentialh similar result wa^ 
obtained (0 85 cc ) as the cat unit of this specimen m an assa\ earned out on 
eight cats a few months pre\ioush, the injection in that case liaMng been con- 
tinuous and the average duration of the injection liaMiig been sixtv minutes 

5 Gold, H Digitalis Elimination, Arch Int Med 32 779 (Xo\ ) 1923 



Table 1 — Results fo) Tzventy-Nme Animals Thiee Weeks After Ligation of 

Coionaty Aifeiy 


Fatal Dose of 



Tincture of 

Si/e of 


Digitalis, 

Infarct, 

Cit Ao 

Cc per Kg 

Sq Cm 

1 

1 13 

2 65 

2* 

0 92 

3 6S 

3 

0 7S 

5 94 

4 

0 76 

6 39 

5* 

0 73 

2 90 

6* 

0 71 

3 23 

7 

0 70 

4 19 

8 

066 

4 45 

9 

0 65 

3 74 

ao*‘ 

0 63 

5 94 

11* 

0 62 

6 97 

12 

0 62 

5 61 

13* 

0 61 

3 23 

14* 

0 59 

3 55 

IS” 

0 56 

5 74 

16* 

0 53 

6 90 

17 

0 54 

9 48 

18 

0 5S 

394 

19* 

0 53 

6 97 

20* 

0 52 

9 81 

21 

0 4S 

3 36 

22* 

0 47 

12 84 

23* 

0 46 

5 29 

24 

0 45 

6 45 

25 

0 44 

258 

26 

0 43 

6 07 

27 

0 42 

0 97 

28 

0 37 

7 36 

29 

0 36 

2 26 

Averages 

0 59 

5 47 


Mean Blood 


Dose Causing 

Pressure 


Ventricular 

Before 

Change m 

Ectopic 

Digitalis, 

Weight, 

Rhythm, 

Mm Hg 

Percentage 

Cc per Kg 

183 

+ 34 

019 

170 

+ 23 

0 56 

175 

— 60 

0 36 

133 

21 2 

0 45 

120 

—14 8 

0 35 

150 

—13 3 


170 

+ 72 

0 36 

159 

+ 14 

018 

155 

—13 8 

0 50 

loo 

—13 2 

0 43 

150 

+ 7 ! 

0 24i 

135 

—14 2 

0 47 

146 

—19 4 

0 33 

146 

—14 1 

0 42 

135 

—24 5 

0 49 

160 

— 6 7 

0 30 

154 

—13 5 

0 29 

133 

—16 4 

0 42 

133 

—211 

0 30 

148 

—11 8 

+ 

♦ 

158 

—16 3 

0 28 

125 

— 09 

0 38 

144 

—22 0 

0 22 


—10 8 

0 36 

155 

— 69 

0 37 

161 

—10 3 

0 24 

135 

—15 8 

0 29 

155 

—19 6 
— 6 1 

036 

150 

—10 9 

0 35 


(59 S7o of M D D ) 


* Treated ■with ammophyllme 

•1 Ectopic beats ■were present in the electrocardiogram before the injection of digitalis 
J Idioventncular rhythm was present m the electrocardiogram before and throughout the 
injection of digitalis 


Table 2 — Results for Tzuelve Animals Thiee Weeks After Control Operation 



latal Dose of 

Mean Blood 
Pressure 


Dose Causing 
Ventncular 


Tincture of 

Before 

Change m 

Ectopic 

Cat No 

Digitalis, 

Digitalis, 

Weight, 

Rhythm, 

Cc per Kg 

Mm Hg 

Percentage 

Cc per Kg 

1 

115 

146 

—112 

0 51 

2 

0 91 

160 

— 67 

0 03 

3 

OSS 

143 

— 61 

0 56 

4 

0 86 

120 

97 9 


5 

0 78 

185 

— 8 9 

0 27* 

6 

0 73 

147 

—10 7 

0 47 

7 

068 

156 

— 6 4 

0 48 

s 

0 65 

173 

—17 2 

0 38 

9 

0 63 

152 

—21 9 

0 52 

10 

063 

143 

—30 7 

0 23 

11 

0 62 

181 

—17 9 

0 48 

12 

0 54 

155 

—10 4 

0 41 

4verages 

0 76 

155 

— 12 2 

0 45 

(59 2% of M L D ) 


* Ectopic beats were present in the electrocardiogram before the injeetion of digitalis 
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requii'ed is divided by the aveiage of the original and the ne\\ hod\ 
weight This method of calculation was employed for the animals of 
gioups A and B m older to exclude a change in hod} weight as a factoi 
in any alteration m tolerance 

The aveiage fatal dose for twelve animals thiee weeks aftei the 
control opeiation without ligation of the coionaiy Aessel (gioup B) 
was 0 76 cc pei kilogram (table 2), or 7 4 pei cent below that foi the 
normal animals This figure, however, is not significant, because it is 

Tablc 3 — Siuiunaiv of Results Aftci Conti ol Opeiation and Liqatnii 


Dose 

Mean Causing 1 atnl 'J olcr nice 

Blood Period Ventricular Bose of to 1 atal 



Average 

Loss of 

Pressure 

of 

Ectopic 

Tincture of Action of 


Body 

Body 

Before 

Injec 

Rlij thm. 

Bigitalis, Bigit ihs. 

Operative 

Weight, 

M eight. 

Bigitalis, 

tion, 

Min 

Cc per 

Cc per Percentage 

Procedure 

Kg 

Percentage 

Mm Ilg 

Kg 

Kg of Normal 

Control operation (12 

cats) 

2 84 

12 2 

155 

68 

0 15 

0 76 92 0 

Ligation of coronary 

arterc (29 cats) 

2 93 

10 9 

150 

5o 

0 35 

0 50 72 0 


Table 4 — Lompaiison of Results Thice JVecks Aftei Ligation of Coionaiy Alien 
foi Annuals Ticated and Not Tieated With AminopliyUiiie 


A\crago bodi u eight, Kg 
Loss of body weight, percentage 
Size of infarct, sq cm 

Mean blood pressure before administration of digitalis, mm Hg 

Period of injection of tincture of digitalis, mm 

Dose at \ihich ventricular ectopic rhythm appeared, cc per Kg 

Fatal dose of tincture of digitalis, cc per Kg 

Tolerance to fatal action of digitalis, percentage of normal 


A\ei igcs for Groups 


Not Treated 
(16 Oats) 

2 96 
10 3 
510 
154 
53 

0 31* 

(5S% MLB) 
0 58 
70 7 


Treated 
(13 Cats) 

2 80 
11 7 
5 94 
145 
51 

0 36* 

(')97o M I B ) 
0 61 
74 4 


* The averages vero based on the results for eleven animals vhich vere treated and 
fifteen animals ■nhich were not treated with aminophylhne 

Within the range of vaiiations which may exist m the lesults of a liio- 
assay made by the use of two difteient groups of animals 

The average fatal dose for twenty-nine animals with infarction 
(group A) which were tested three weeks after ligation of the coionan 
artery was 0 59 cc per kilogiam (table 3), repiesenting a reduction 
of toleiance by 28 pei cent of that of the normal animal, or by 22 per 
cent of that of the gioup in which the contiol operation was performed 
The lange of tolerance of the animals with caidiac infarction iva‘= 
fiom 39 per cent below (the most susceptible animal) to 91 per cent 
above (the most tolerant animal) the average For the control animals 
the range vas from 34 pei cent belon to 36 pei cent alioie the aierage 
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It may be seen (table 1) that thiiteen of the twenty-nine animals 
with infarction had been treated with aminophylhne in connection with 
another study® Each of these had received a daily inti amusculai injec- 
tion, usually 25 mg per kilogram, for twenty consecutive doses, the last 
dose being given about twenty-four hours prior to the injection of 
digitalis The results for this gioup are treated sepaiately m table 4, 
but since aminophylline appeared to exert no influence on the tolerance 
to digitalis, the two groups were combined and treated as one foi the 
comparisons in this study The observation that aminophylhne does 
not influence the tolerance to the fatal action of digitalis is in haimony 
with the findings of Haag and Woodley ® 

B Ventricular Ectopic Rhythm The electrocardiogiam piovided 
a means for determining the susceptibility to some of the othei effects 
of digitalis The T wave, the PR interval and the sinus late weie too 
variable under the conditions of these experiments to be used The 
data were analyzed, however, (a) with respect to the dose lequiied to 
produce a ventricular ectopic ihythm and (&) with respect to the 
influence of digitalis on the displacement of the RT segment 

In the control animals (group C) which were not opeiated on an 
average of 39 per cent of the fatal dose was requiied to pioduce a 
ventricular ectopic rhythm This amount was smaller than that required 
to cause the same effect in another study, namely, 54 per cent of the fatal 
dose for seventy-seven cats ’’ It was also smaller than the figuie which 
we obtained foi the other two groups of animals (groups A and B), 
namely, 59 per cent for each group (tables 1 and 2) When an animal 
IS excited and struggles, ectopic ventiicular beats aie likely to appeal 
eailier in the course of digitalis poisoning than when the animal is 
quiet ® The animals that were not opei ated on struggled considerably, 
the period of assay being the first time that their freedom had been 
lestncted® This may account for the small dose which caused the 
ventricular ectopic rhythm to appear The animals which were operated 
on without ligation of an artery provided a more valid control for the 
group with infarcts The animals in both gioups showed relatively 
little excitement during the injection of digitalis, having grown accus- 

6 Haag, H B , and Woodle}’-, J D The Effect of Caffeine and Theo- 
bromine on Digitalis Toxicity, J Pharmacol & Exper Therap 53 465, 1935 

7 Gold, H , Hitzig, W , Gelfand, B , and Glassman, H A Qualitative 
Comparison of Various Digitalis Bodies, Am Heart J 6 237, 1930 

8 Gold, H , Lieberson, A, and Gelfand, B Mechanism of Production of 
Subauncular Beats by Digitalis Bodies, Arch Int Med 48 262 (Aug ) 1931 

9 In two of the nine animals not operated on ventricular ectopic beats were 
noted before the injection of digitalis, in these the ectopic beats reappeared after 
the injection of 29 per cent and 32 per cent, respectively, of the fatal dose for each 
animal (the minimum lethal doses were 0 84 and 0 94 cc , respectively) 
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tomed to restiiction by the frequent taking of electiocardiograms dining 
the three weeks following the opeiation 

The average dose required to produce a ventiicular ectopic rh 3 thm 
ni the control animals that had been operated on vas 0 45 cc , and in 
those with infarcts it was 0 35 cc (table 3) In the presence of cardiac 
infarction, therefore, the tolerance of the animal to this effect of the 
diug is 22 per cent lowei than that of the contiol This is the same as 
the reduction in the tolerance to the fatal action 

C Displacement of RT oi ST Segment In the electrocai diograms of 
human beings digitalis may cause displacement of the ST segment simi- 
lai to that m coronary thrombosis This has also been observed for the 
cat^° We found that the change sometimes occms when the ihythm 
IS 1101 mal but more fiequently after a degiee of poisoning which has 
induced a ventricular ectopic rhythm The data weie analyzed to deter- 
mine whether digitalis is moie likely to pioduce displacement of the 
RT segment in the infaicted heait than m the normal heart The results 
show that the displacement was pioduced m 65 per cent of the twenty 
control animals and occurred only after the ventnculai ectopic ih}thm 
had appeared (chart ID) In those with infarcts it was about the 
same, 69 per cent after the ectopic ihythm had appeared (chart ID), 
but likewise in 24 per cent (seven animals) a distinct deviation of the 
RT segment also appealed eailier and occurred during the normal sinus 
ihythm (chart lA and C) In foui of these animals, howevei, some 
displacement was present before ligation of the coionary artery, it 
became much more maiked immediately after the opeiation and sub- 
sequently disappeared for a period of days, only to leappeai during the 
injection of digitalis (chart I A) In other respects this group of seven 
animals yielded results similar to the average for the entire series of 
animals with infarction , i e , the average size of the infarct was 5 35 
sq cm , the aveiage blood pressure before the administration of digitalis 
was 147 mm and the average fatal dose was 0 60 cc pei kilogiam 
These changes in the “take-off” do not always persist, being present m 
some beats and not in others, appearing in one tracing and disappearing 
111 a subsequent one (chart 1 A) These changes represent the reestab- 
lishment, duimg injection of digitalis, of a temporar}' effect of occlu- 
sion, but their significance remains in doubt 

D Blood Piessure The mean blood pressures for the thiee groups 
(groups A, B and C) just prior to the beginning of the injection of 
digitalis were practically identical, 152 mm for the normal animals, 
155 mm for those which had the control operation and 150 mm for 
those with caidiac infarction 

10 DeGraff, A C, and Wible, C L Production by Digitalis of T-Wa\c 
Changes Similar to Those of Coronary Occlusion, Proc Soc Exper Biol & Med 
24 1, 1926 
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Chart 1 — Electrocardiogram (lead II) showing ^anous effects of digitalis on 
the RT or ST segment A, animal with infarction 1, before ligation of the 
coronary vessel , 2, very high “take-off” seven minutes after ligation , 3, disappear- 
ance of displacement of the RT segment on the eighth da}’’ after ligation, 4, dis- 
placement still absent three weeks after ligation, just before the administration of 
digitalis, 5, high “take-off” after the administration of 54 per cent, 6, 58 per cent, 
7, 66 per cent, S, 75 per cent, and 9, 80 per cent of the minimum lethal dose 
Note the reestablishment by digitalis of the displacement of the RT segment 
produced by cardiac infarction, its appearance during sinus rhythm and its inter- 
mittent character with increasing doses of digitalis B, animal with infarction 1, 
before the administration of digitalis — spontaneous ventricular tachycardia, 2, after 
80 per cent of the minimum lethal dose , 3, high “take-off” after 88 per cent of the 
minimum lethal dose Note the absence of the high “take-off” in idioventricular 
beats before the administration of digitalis and its presence during advanced 
poisoning , see also A 9 C, animal with infarction 1, before the administration of 
digitalis, 2, after 70 per cent of the minimum lethal 'dose Note the effect of 
digitalis in increasing the preexisting displacement of the RT segment D, control 
animal 1, control tracing, 2, after 81 per cent of the minimum lethal dose Note 
the displacement of the RT segment in ventricular ectopic beats, but not in 
immediately subsequent supraventricular beats 
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I'hc Uiange in the blood picssuic ol the c<U dining the coin si 

of the injection of a diluted tinclinc of digitalis hy the technic used 
111 these cxpciinieiits exhihils two phases (1) a gi.idnal decline ,ind 
(2) an ahinpt collapse 

In the noini.il animal theie was a jnogiessive decline of the piessnu, 
which began aftei an .lAciage of 0 2S cc (0 0-1 to 0 46 cc ). oi 32 pei 
cent of the fat.il dose, ,ind the piessine continned to fall giadn.illy to an 
aveiage level of about 55 mm (33 to 110 mm ), at nlnch it was main- 
tained foi a pciiod, aftei which it fell .ihinptly to 10 oi 15 mm jnst 
hefoie the convnlsion 'The amnial then ceased to hie.ithe, oi, <is was 
11101 e often the case, seveial mdc llnctnations in jncssine otcinicd 
hefoie the lieait heat <md lespnation ceased 

The fall in blood piessnie did not seem to deiiend on the i ciiti icnlai 
ectopic iliythm, and while a f.ill sometimes was fust seen when the 
veiitiicnlai ihythni apjie.ned, some decline usually occimcd while the 
ihythm was still noinial 

Tn the annn.il with infaictioii the changes in piessnie weie similai 
to those 111 the iioimal animal, the decline hegmiinig .iftei an essentially 
similai anionnt of the ding, 0 32 ec (0 02 to 0 48 cc , about 53 pei 
cent of the fatal dose foi the gionp with infaiction). <nid eontimnng 
dowmvaid giadnally, but instead of the pi oti acted peiiod of low blood 
piessnie (aveiage, 55 nim ) seen in the noimal animal dm mg the nijee- 
tion, the piessnie in these instances fell .ibinjitl) nincli cailiei in the 
conise, fioni an aveiage le^el of 90 mm (41 to 128 mm ) This applied 
to the majoiity of animals, theie weie some in the gionp of noimal 
animals (10 pei cent) that behaved like those with infaiition, and vice 
veisa (33 3 pci cent) 

The cliaiactciisiies of animals with mfaiets of almost identical avei- 
age si/c lint with dill ci cut tvpcs of blood piessnie ennes aie illnstiated 
111 a compaiison of the icsnlts foi two gionps, one of nine animals 
(infaiet, 4 65 sq eni ) showing noimal blood piessnie eiiives, the otbei 
of five animals (mfaict, 4 58 sq cm) showing abiiipt tolkqise of the 
blood piessnie fioiii a liigli lc^el of 120 mm oi liighci The Inst gionp 
bebaved m othci icspccts jiiaetically like noimal animals, leqniiing only 
11 pci cent less digitalis than noimal animals to cause a ^entllcnlal 
ectopic ihythiii and 3 jici cent less to cause death The second on the 
othci hand, icqniicd 29 pci cent less to cause the Acntiicnkn ihjthm 
and 39 pci cent less to cause death 

The two phases of the change m blood piessnie ajipeai to be due 
to dilleient mecbanisms 'Pbe fact that the giadnal decline of the blond 
piessnie foi the animal nitli an nifaict begins aftci about the same 


11 In Mcw of the in cat iiuluKlual ^an^l)lllt^, c\c hditcc tint no cipnifinncc 
can 1)0 attacliLcl to the ehlTeienco hctwceii thiv iipnrt and tint for the norm il animal 
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amount of digitalis as foi the normal animal suggests that the gradual 
fall IS due to an extracaidiac factor This piogressive decline is inter- 
rupted earlier in its couise in the animal with cardiac infarction by 
leason of the greater susceptibility of this animal to cardiac collapse 
(ventricular fibrillation), which is piobably the cause of the secondary 
abrupt fall in pressure 

Influence of Size of Inf met — A Fatal Dose The size of the 
infaict was plotted against the size of the fatal dose of digitalis, and 
the lesult is shown in chait 2 By this method of examination a corre- 
lation IS not clear Of two animals with the smallest infarcts, one 
lequired the largest and the other the smallest fatal dose of digitalis 
In two groups representing exti ernes of deviation from the aveiage 
fatal dose for the normal animal, i e , one requiring 97 per cent and the 



Chart 2 — Correlation chart for size of infarct and fatal dose of digitalis The 
black triangle indicates animal treated with aminophjdline , the black circle, animal 
not treated with aminophylline 

Other 61 pei cent of the normal fatal dose, the aveiage sizes of the 
infarcts were practically identical, namely, 4 65 sq cm for nine animals 
m the first and 4 58 sq cm for five animals in the second group 

When, however, the small and the laige infaicts were giouped sepa- 
lately, a relation was found to exist between the size of the infaict and 
the size of the fatal dose, as seen in table 5 This table shows that in 
one group (fifteen animals), in which the average size of the infaict 
was twice as large as that in anothei (fouiteen animals), the inciease 
in susceptibility was nearly doubled (18 times), the average fatal dose 
being 28 pei cent less than that for the contiol in one and 16 pei cent 


Table S — Influence of Sise of Inf met on Susccpfibiltfv to Dtgiiahs 




Average 


Reduction 


Number 

Size of 

Avenge 

of Dose, 


of 

Infarct, 

Dose. 

Pereentage of 

Infarcts 

Animals 

Sq Cm 

Ce per Kg 

Control Do=e 


A Natal Dose 



Kone (controls) 

12 


OTG 


Smallest 

14 

350 

OCl 

IG 

Largest 

15 

7 29 

0 55 

2S 

Smallest 

5 

2 72 

OCG 

13 

Largest 

5 

9 29 

0 49 

SO 


B Dose Causing Ventricular Ectopic Rlnlhm 


None (controls) 

12 


0 45 


Smallest 

13 

3 48 

0 35 

2^ 

Largest 

13 

7 10 

0 35 

22 

Smallest 

5 

2 72 

0 12 

29 

Largest 

3 

SC'j 

0 30 



ai 



EFFECTS DEATH = Q 

ECTOPIC RHYTHM =• 

Chart 3 — Effect of infarction on the dose required to cause (a) death, indicated 
by white circle, and (b) ventricular ectopic rhythm, indicated by black circle The 
doses are expressed as percentages of the a\erage dose required to produce these 
effects in the control AB indicates a comparison of twehe control animals (A), 
the a\erage dose taken as 100 per cent, with twenty-nine animals with infarction 

(B) CD indicates a comparison of fourteen animals having the smallest infarct^ 

(C) with fifteen having the largest infarcts (D) CF indicates a comparison of 
five animals having the smallest infarcts (£) with five haMng the largest infarcts 
(E) GFI indicates a comparison of nine animals with infarction sho\\ing blood 
pressure cur^es similar to normal (G) with the group of fi^e shoeing collapse of 
the blood pressure from a high level of 120 mm or more (11) The a^crage si/cs 
of the infarcts m G and H were almost identical IJ indicates a comparison oi 
the fi^e most tolerant animals in the control group (I) with the fi\e most sus- 
ceptible animals in the control group (/) 

less m the othei Iia two smallei groups, in a\hich the average si 7 e of 
the infaicts of one was about 3 4 times gieatei than tliat of the other 
the inciease in susceptibility was nearh trebled (2 7 times) the avciage 
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fatal dose being 36 per cent less than that for the contiol for the laigest 
infarcts and 13 per cent less for the smallest infarcts 

B Ventiicular Ectopic Rhythm As may be seen in table 5, the 
change m tolerance to the ventiicular ectopic ihythm shows considerable 
in egularity and does not appear to depend on the size of the infarct 
The relation of changes in tolerance to the fatal action and to the 
pioduction of the ectopic rhythm is illustrated in chart 3 

The abnormal ventricular ihythm which occurs as the lesult of coio- 
nary occlusion is also fairly independent of the size of the infarct It 
occurred spontaneously in eleven of forty-two cats® m fiom two to 
twenty-one days after ligation of the coronary artery These cases weie 
represented throughout the range of sizes of infarcts, the average foi 
the thirty-one animals without this rhythm being 5 66 sq cm and that 
foi. the animals with this rhythm being similar, 6 43 sq cm 

Influence of Degiee of Healing of Infarct — Theie was no i elation 
between the degree of healing seen on microscopic examination of the 


Table 6 — Relation of Fatal Dose of Digitalis to Dcgicc of Healing of Inf aid 


Degiee of Healing of Infarct 

Number of 

Cats 

Size of 
Infarct, 

Sq Cm 

Fatal Dose of 
Tincture of Digitalis, 
Cc per Eg 

Advanced 

4 

5 75 

0 52 

Moderate 

15 

5 22 

0 65 

Slight 

7 

6 29 

0 52 


infarct and the fatal dose in twenty-six animals in which the infaict was 
sectioned (table 6) The ciiteria for the classification of the degree 
of healing were described m the pievious report ® 

It IS interesting to note that all thiee degrees of healing weie piesent 
in both laige and small infarcts, although one might expect a small 
infarct to heal more rapidly than a large one The smallest infaict in 
oui senes showed only a slight degree of healing 

COMMENT 

The foregoing lesults show that the cat with a paitialty healed 
cardiac infarction requires about 25 per cent less digitalis to cause a 
ventiicular ectopic rhythm than the normal animal and that this change 
IS about the same for infarcts of widely different sizes 

There is approximately the same reduction of the fatal dose This 
obseivation is contrary to that of Bellet, Johnston and Schecter ® foi cats 
but practically identical with their lesults for dogs In the case of the 
fatal action the increase in susceptibility varies from 13 pei cent in 
those with a small infarct to 36 per cent m those with a large infarct 
In the animals with infarction requiring a small fatal dose the blood 
piessLire may fall abruptly from a high level of 120 mm oi more lathei 
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than aftei a period at a low level of about 55 mm as m those requnmg 
a larger fatal dose 

Difterences m the toleiance to digitalis maj m\ohe equall\ the fatal 
dose and that causing a ventricular ectopic rh 3 'thm, but when the entne 
gioup of animals is split up in order to reveal extreme diffeiences m 
toleiance, the range of change tends to he greater for the fatal dose 
than for the ectopic dose (chart 3) This applies not only to animals 
with infaiction (CD, EF, GH) but also to noimal animals (IJ) 

The mechanism by which caidiac mfaiction inci eases the suscejiti- 
bility to digitalis is not known, but ceitam facts have thrown light on the 
following possibilities 

1 Reduction of the cai diac mass taking up digitalis 

2 Reduction of the caidiac powei to withstand the lapid late of the 
ventricular tachycardia 

3 The providing by the infaict of a legion in which digitalis sets 
up abnormal impulses leading to \entiiculai tachycaidia and 
fibrillation 

The first of these possibilities cannot be effectively defended, as the 
caidiac muscle takes up an extremely small pioportion of the total 
amount of digitalis administeied Furthermore, perhaps an even laigei 
mass of muscle is excluded from the cii dilation shoitl)^ aftei ligation 
of the coronary vessel, and at this time, as shown m othei studies, no 
1 eduction in the fatal dose is demonstiable The second possibility also 
seems unlikely as the sole explanation, as it fails to explain the fact that 
susceptibility is inci eased to the ventiiculai ectojnc ihythm itself This 
mechanism may play a pait, since animals with the larger infarcts tolei- 
ate relatively less digitalis after this ihythm has been pioduced by the 
ding than do those with the smallei infarcts 

The thud possibility is more m harmony with the existing facts 
Accoidingly, the increased susceptibility to a ventiiculai ectopic ihythm 
would be due to the action of digitalis m an abnormal region of the 
heart fioni which aiise stimuli leading to ventiicular tach}cardia and 
fibrillation This leceives support fiom the fact that the susceptibiht} 
to the ventiiculai ihythm as well as to the fatal action is inci eased and 
that an extiemely small and a ver} large infarct ma} cause appioxi- 
mately the same reduction in toleiance to the ectopic rh 3 thm, indicating 
that the essential factoi is the presence of an abnormal focus lalhei 
than Its size The abnoimal aiea from which impulses might arise 
would not be the legion m wdnch the circulation is completeh abolished 
but an aiea of muscle aiound or in the infarct m which healing has 
taken place and m wdiich the cii dilation is impaired This is suggested 
by the fact that the inci eased susceptibilit 3 to the fatal action de\elop= 
onh aftei a degiee of reco^er 3 ' fiom the complete occlusion, no change 
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being m evidence shoitly^- after the vessel is ligated It is conceivable 
that the abnormally susceptible legion is the rest of the ventricle, rather 
than any special focus in or about the infarct, although this involves 
the assumption that the hypenrritable state of the ventricle develops 
during the period of lecoveiy rathei than immediately aftei closuie of 
the coronary vessel, when the stiain on the ventricle is probably the 
gi eatest 

Climcal Significance — The value of digitalis in coionary thiombosis 
does not come within the scope of this study It is well known that rela- 
tively few patients with coionary thrombosis requiie digitalis, but oui 
results lend no suppoit to the belief that the use of digitalis is attended 
by any special hazards m these cases The landmarks which have been 
examined haAe not appealed to be materially changed Thus, the range 
of variations m tolerance, especially tolerance below that of the aveiage 
for the group, is piactically the same as that for normal animals Also, 
the ventiiculai ectopic ihythm, which appears aftei about 60 per cent 
of the fatal dose for normal animals, is pioduced by a similai peicenta- 
age of the dose that was fatal for the group with infarction One factoi 
which cannot be investigated in the animal is the range between the 
full theiapeutic and the toxic action (margin of safety) If, by aii} 
chance, the susceptibility to the theiapeutic action ^Aeie to lemain 
unchanged, the margin of safety would be reduced , but concei nmg this 
we have no data 

As matteis stand, the experimental lesults may be taken to signif} 
that 111 Older to attain the usual objective it would be safer to use about 
25 pel cent less digitalis for patients with coronar) thiombosis than 
for those without it The i eduction of the dose may be somewhat less 
for patients with a small infaict and somewhat moie foi those with a 
large infarct Should one fail to take this factor into account when 
massive doses aie given for rapid digitalization, undoubtedly toxic symp- 
toms would lesult Howevei, with the slowei methods, in which 
s}mptoms serve moie effectively as a guide to dosage, a 25 per cent 
diminution m tolerance oi its converse, a 25 pei cent inciease in the 
dose, might readily escape detection 

SUMMARY AND CONCLUSIONS 

In the present study of fifty cats the effect of digitalis on the contiol 
animal is compared with that on the animal three weeks aftei expeii- 

12 We have no data on the tolerance to ventricular tachycardia shortly after 
the occlusion, the previous studies having involved consideration of only the fatal 
dose 

13 Wyckoff, I , Gold, H , and Travell, J The Importance of Differences in 
the Potenc}’- of Digitalis in Clinical Practice, Am Heart J 5 401, 1930 Gold, H 
and DeGraff, A C Studies on Digitalis in Ambulatory Cardiac Patients IV 
Newer Principles of Digitalis Dosage, J A M A 95 1237 (Oct 25) 1930 



IRAl'ELL ET AL—CARDI4C IM'ARCJION 


197 


mental ligation of a coronai) vessel with lespect to the follo^\lng points 
the fatal dose, the dose necessaiy to piodiice a \entriciilai ectopic 
ihythm, the effect on the blood piessure, the changes in the RT segment 
of the electi ocai diogi am and the degiee of healing of the infaict 

Pievious studies have shown that within the hist twenty-four houis 
aftei the expeiimental pioduction of cardiac infaiction the toleiance to 
digitalis IS the same as that of the noimal animal (cat and dog) 

In the piesence of a paitially healed infaict the cat (as ^^cll as the 
dog) IS moie susceptible to digitalis than the noimal animal, lequnmg 
only about thiee-fouiths as much digitalis as the noimal animal to cause 
(a) a ventiiculai ectopic ihythm and {b) death 

The laigei the infaict, the moie susceptible the animal, but man} 
exceptions to this rule were obseived, and some of the most susceptible 
animals had the smallest infarcts 

Tieatment with ammophylhne appealed to exeit no effect on the 
toleiance to digitalis in cardiac infarction 

There is some indication that digitalis may cause displacement of 
the RT segment in the electrocaidiogiam more leadily in animals with 
caidiac mfaiction than in the normal animal 

Diffeiences m toleiance may involve equally the fatal dose and that 
lequired to cause a ventiiculai ectopic ihythm. but the lange of change 
tends to be gieatei for the formei than foi the lattei This appeals 
to be tiue of diffeiences in toleiance among appaiently normal animals, 
as well as among those with cardiac infarction 

The facts indicate that inci eased susceptibility to digitalis in caidiac 
mfaiction may be due to a change m the piopeities not of the whole 
heait but of an aiea with impaiied circulation within the zone of the 
infaict, fiom which abnormal impulses aiise as the lesult of the admin- 
istiation of digitalis and piecipitate \entriculai taclucaidia and fibi il- 
lation 
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The subcutaneous administration of oxygen first became populai in 
Europe after the intioduction of a machine built b}’’ Dr Bayeux/ of 
Pans Since then there has been much controveisy as to the value of 
this form of therapy, but little attention has been paid to it in Ameiica 
and England until recently The workers on the subject can leadilj be 
divided into two groups first, those who believe its use to be of value, 
basing their conclusions on clinical obseivation unconfirmed by laboia- 
tory procedure, and, second, those who declare it to be useless, then 
conclusions being based entirely on experimental data 

One cannot deny that if clinical benefit is seen fiom the injection of 
oxygen subcutaneously, there must be some basis foi its use Woikers 
claim benefit from its use in such divers conditions as distemper, bums, 
pneumonia, postoperative nausea and vomiting, heait failure, pulmonai} 
tuberculosis, thrombosis and embolism, pulmonai y edema, toxemia, sep- 
ticemia, uremia, convulsions and asphyxia of the new-born, in fact 
Simon - and Kirk ^ gave as indication for its use any condition compli- 
cated by symptoms of anoxia and asphyxia Most of those in favoi 
of the administration of oxygen subcutaneously admit that the amount 
injected is not sufficient to alter materially the oxygen content of the 
blood, yet in all the conditions enumerated what other common factoi 

Fellow m Medicine, Passavant Memorial Hospital, Chicago 

From the Department of Experimental Medicine of Northwestern Unuersitv 
Medical School 

The Linde Air Products Company donated the oxigen and nitrogen for use 
in these experiments 

This work was made possible m part by a grant from the Council on Pin sical 
Therapy of the American Medical Association 

Read before the Section on Pathology and Physiology at the Eighty-Eighth 
Annual Session of the American Medical Association, Atlantic Citv, N J, June 
11, 1937 

1 Bayeux, R Bull Acad de med , Pans 87 176, 1922 

2 Simon, Oliver B Clin Med & Surg 40 155, 1933, Anesth & Analg 
13 233, 1934 

3 Kirk, T S Bnt M J 2 195 (Aug 4) 1928 
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IS tlieie that can be benefited b} the subcutaneous administration of 
oxygen ^ 

As we are paiticularly interested in the use of this method m pneu- 
monia, in which great benefit is claimed, we shall confine ouisches to 
a discussion of this subject 

Kirk ^ said that the earl}'’ administration of oxygen subcutaneous!} 
in cases of acute lobai pneumonia gave unifoimly good results, the ciisis 
coming on lapidly He showed chaits to demonstiate this He cited 
one instance in which he gave a large dose of oxygen subcutaneously 
four hours before death to a patient suffeimg from double pneumonia 
At postmortem examination, foui houis latei, there was no iigor moitis, 
and the blood that issued from the anteiioi cutaneous incision was 
blight red There was no statement as to the presence oi absence of 
cyanosis before death Considering the rapidity with which blood, even 
after death, takes up oxygen, one must be skeptical of this observation 
Kirk said he believed that oxygen given subcutaneously acts by helping 
to kill the pneumococcus and at the same tune by counteracting the 
toxemia He stated that “subcutaneous injections of oxygen, besides 
being of gieat use in cases of pneumonia, are of value in all cases of 
anoxia 

Lipkin and his associates * studied the effect of the subcutaneous 
injection of oxygen on the hemolytic, complimentary and specific anti- 
body potency of the serum of dogs They found the first two values to 
be reduced and the last to be raised from sixteen to fifty days after 
the commencement of such tieatment Howevei, the alteration in the 
agglutination titer is of such small magnitude as hardly to wan ant this 
conclusion Their expeiiments were cairied out on five dogs (two being 
controls), and the amount of oxygen given daily vaiied from 10 to 30 cc 
per kilogiam of body weight They suggested that the injection of 
oxygen might be of practical use in the treatment of acute and chronic 
diseases and for the pieparation of more potent specific serums How- 
ever, in the treatment of pneumonia the disease had lun its course befoie 
the injection of oxygen could have had any of the effects mentioned 

It IS of interest here to note that Evans® leported on one patient 
with pneumonia whose cyanosis failed to clear up completely with the 
nasal administration of oxygen but did so when oxygen was gnen 
subcutaneously Neither the amount of ox}gen in the blood nor the 
amount of ox}gen injected was reported 

Simon = remarked that the efficacy of the subcutaneous administra- 
tion of OX} gen 111 pneumonia seems unbelievable, consideimg the laige 

4 Lipkin, J J , Pod\alnj, P B, and GnntzCMC, O M Gior di battcnol 
c immunol 13 661, 1934 

5 Evans, John H , and Durshordwe, C J '\nesth S. Analg 11 193, 1932 
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amount lequiied by the inhalation method To explain this he said 
that in pneumonia the amount of deficiency m oxygen satuiation is 
presumably m piopoition to the diffeience between the supply and the 
demand and that this is usually a small amount He claimed that in 
pneumonia distress and anxiety are relieved after the administration of 
oxygen subcutaneously 

In support of the contention that ox 3 fgen injected subcutaneously is 
leadily utilized by the body, he measured the basal metabolic rates of 
two hyperthyioid patients befoie and diiectly after the injection of 
200 and 300 cc , respectively, of oxygen subcutaneously The lattei 
amount caused the basal metabolic rate to fall as much as 18 per cent 
m ten minutes, the return to the formei level taking as long as ten 
days He said, “This indicates that there is an indirect effect on the 
anoxia due to the slowing of the metabolism processes ” However, if 
one takes into consideration the ends that normally arise in determining 
basal metabolic rates, these observations must be regarded as of doubtful 
value 

It may be assumed, then, that Simon concluded that the sub- 
cutaneous administration of oxygen actually compensates for the 
disproportion between the suppl)^ and the demand of oxygen This 
disproportion must be small indeed, considering that in the normal 
animal subcutaneous oxygen is absorbed at the i ate of 0 6 to 12 cc 
per minute ® Singh® and Campbell ^ also found that the absoiption of 
oxygen became nil, or neaily so, at the end of fiom one to one and a 
half hours after the injection because of the lowering of the tissue 
tension of the injected gas However, these expeiiments were carried 
out on the normal animal, and presumably if the animal’s demand for 
oxygen were much greater, the late of absorption fiom the tissues might 
be correspondingly increased With this fact in mind, we carried out 
the experiments to be desciibed 

In a series of expeiiments on the effects of anoxia on the chemistry 
of the blood, reported on elsewhere,® we found that oxygen could be 
withheld from the inspired air of normal dogs with impunity until a 
level of from 4 to 4 5 per cent was reached, when critical symptoms of 
anoxia were noted Death occuried when theie was about 3 per cent 
of oxygen in the inspired air At these low levels the oxygen saturation 
of the arterial blood was found to be approximately 30 per cent The 
demand for oxygen at these low levels should be sufficient to lead to 
utilization of some of the oxygen injected subcutaneously 

6 Singh, I Quart J Exper Physiol 22 193, 1932 

7 Campbell, J A J Physiol 59 1 , 1924 

8 Simpson, Thomas, and Barker, M Herbert Studies in Prolonged Anoxia, 
in Report on Epilepsy, Ann Arbor, Mich , Edwards Brothers, Inc , 1936, pp 441- 
473 
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METHOD 

To cany out the following experiments we used a miniature ox\gcn chamber 
(figure) The chamber is of steel and glass and in two parts The upper part 
measuring 2 feet and 6 inches (76 cm ) in every dimension, can be raised from 
the lower part When low^ered it rests on a soft rubber cushion set m a trough 
in the low’^er part, this acts as an air seal Inside the upper part (the chamber 
proper) and in the left window can be seen a set of cooling coils, and in the upper 
part at the right side (out of sight) is a tray of soda lime The Aluter “Telaire” 
apparatus on the right wnndow records temperature and humiditi The tanous 



The oxygen chamber is of steel and glass and measures 30 b\ 30 b\ 30 inches 
(76 cm ) It IS closed wdien resting on the sponge rubber m the trough of the 
steel table, 36 inches (91 5 cm ) high The chamber can be separated from the 
base b} a pullec, wdnch hooks into a ring on the top, thus permitting admission 
or remo\al of animals The bottom of the table is equipped with a trap dram 
Note the vents for conditioning the atmosphere, the cooling coils and the mstiu- 
ments for gas anahsis The small trap-door at the right permits feeding, obtain- 
ing samples and giving medication, as in the chamber of Thalhcimer Ii an 
animal boaid is placed at this trap, the animal’s head can be kept m the chamber 
in the conditioned atmosphere while the bod\ remains outside, permitting the 
drawing of arterial blood and other procedure The chamber accommodates 
one large dog, tw'o small dogs or cages for twenti-four rats 
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parts seen are for admitting gas and for drawing off samples of the contained 
air for analysis Between the upper and the lower part is a complete floor of 
firm fine mesh wire In the lower part can be seen a dram, which has a water 
seal at its most dependent point This provides for the draining away of e\creta 
and condensed water 

At the right side of the upper part can be seen a rubber cuff encircling a 
circular door, through this the dog’s head was inserted into the chamber so that 
it breathed only the air in the latter when it was necessary to bring the animal’s 
body outside the chamber The dog’s body rested on a trough outside 
With this method samples of blood could easily be drawn from the femoral 
artery without disturbing the dog Oxygen was administered subcutaneously by 
means of a two way pump connected with a large reservou of oxygen The 
pressure exerted during the injection of oxygen was estimated and was never 
greater than that advised by Simon,^ i e , 40 Gm per square centimeter The 
concentration of oxygen inside the chamber was lowered by flowing in nitrogen 

We felt that these conditions were entirely satisfactory, since the dogs used 
were normal and the respiratory apparatus was in no way interfered with Also, 
the temperature, humidity and composition of the air breathed could be carefulh 
controlled Arterial blood was drawn under oil from the femoral artery and 
immediately analyzed as to oxygen content and capacity by the method of Van 
Slyke and Stadie ^ To perform these experiments it was necessary to anesthetize 
the dogs We chose soluble barbital for the anesthetic because of its slight 
depressant action on the respiratory center We also gave it in small doses, i e, 
from ISO to 175 mg per kilogram of body weight 


PROTOCOL 

In a preliminary experiment, to see if there was any gross evidence of 
absorption of oxygen from the subcutaneous tissues in the presence of anoxia, we 
ballooned a dog’s skin with as much oxygen as possible, paving no regard to the 
amount injected Then we put the dog into the chamber and reduced the oxygen 
content of the inspired air to 4 per cent in the course of five hours We could 
not detect any external evidence of absorption of the oxygen, nor was cyanosis 
prevented 

In the first experiment, with the dog in the chamber, we lowered the oxygen 
concentration of the inspired air gradually to 6 per cent over the course of two 
and a half days, so as to give the dog time to become acclimated to low oxygen 
tension At the end of this time the dog was given soluble barbital (sodium 
barbital) in the proportion of 175 mg to 1 Kg of body weight Aftei the 
animal had been anesthetized its head was inserted into the chamber, as pre- 
viously described Then 1,500 cc of oxygen was injected subcutaneously, and the 
oxygen content of the inspired air was lowered to 3 per cent over the course of 
two and a half hours Blood was drawn from the femoral artery before the 
start of the experiment as a contiol at 6 per cent oxygen tension and before and 
after the subcutaneous administration of oxygen The dog died 

Table 1 shows that the oxygen content of the arterial blood did not change 
after the injection of oxygen subcutaneously Also, we observed at the time that 
the symptoms of respiration and cyanosis did not alter, nor was there any external 
evidence of absorption of the injected oxygen, except perhaps m the cervical 
region The only difference noted was that the percentage of oxj^gen desaturation 


9 Van Slyke, D D, and Stadie, W C J Biol Chem 1 49, 1921 
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of the arterial blood was less after the injection of o\\gcn, i c, 10 8 per edit 
as compared with 16 per cent before This, \\c thought, was due to an error 
arising in the drawing of the blood, as is borne out bj the discrepaiic\ belwidi the 
degree of anoxia and the percentage of desaturation of the arterial blood How- 
ever, to be absolutely certain we repeated the experiment A second dog was 
similarly acclimati7ed after a control study of the oxjgen content of the blood 
and anesthetized with soluble barbital When the oxygen content ol the inspired 
air was 5 per cent, arterial blood was draw'ii, and 896 cc of oxjgen was injected 
subcutaneously, then at the end of two and one-fourth hours arterial blood 
was drawn again, the oxygen content of the inspired air being maintained at 
5 per cent during this period 

Table 2 shows that the oxygen content of the arterial blood remained the 
same before and after the subcutaneous injection of oxygen Ihc symptoms, 
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respirations and cyanosis did not improve , in fact, the respiration became deeper 
and more labored, and again there was no external evidence ot the utilization 
of the injected oxygen Since the percentage of desaturation of the arternl blood 
remained unaffected, the observation in the first experiment was m all probabihtj 
a technical error There remained the questions as to whether the acclimatization 
of the dogs affected the experiment and as to wdicther the oxjgen levels were 
too low for absorption of the injected oxjgen to take place To answer these 
questions, in the next experiment w'e drew a control sample of arterial blood and 
then anesthetized the dog as before with soluble barbital The dog’s head was 
placed in the chamber, and the oxygen content of the inspired air was reduced to 
only 8 6 per cent in three hours Arterial blood was drawn from the exposed 
femoral artery, and then 1,250 cc of oxjgen was injected subcutaneoush \t 
the end of two hours another sample of arterial blood was drawn, the oxjgen 
content of the air remaining constant at 8 5 per cent during this period 

Table 3 shows that the oxjgen content of the arterial blood did not alter 
and that the percentage of desaturation was not matcriallj affected There wa*^ 
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little if any absorption of the injected oxygen, judging bj. the external appear- 
ances and crepitus of the subcutaneous tissues, nor did the symptoms and cjanosis 
alter The dog winced and groaned as the oxjgen was being injected, and the 
respirations became deeper, but we assumed that this was entirely reflex 

As we had not met with success in the previous experiments, it was deemed 
advisable to evaluate the relative merits of oxygen administered subcutaneoush 
and by inhalation The dog used in the last experiment was put into the chamber 
after having had approximately 1,200 cc of oxygen injected subcutaneouslj and 
the attempted injection of an additional 200 cc intiamuscularly The oxygen 
tension in the chamber was lowered to 7 per cent in the course of three and 
three-fourths hours and to 3 per cent in the subsequent hour At a tension 
of 4 5 per cent of oxygen in the inspired air the dog was restless, cyanosed 
and extremely dyspneic, and at a tension of 3 per cent it was unconscious and 
about to die, in spite of the large volume of oxj'gen present subcutaneoush 
The respiration slowed and finally ceased, and at this point the dog was taken 
out of the chamber He took two or three breaths, and the mucous membranes, 
which were black, turned bright red At this point arterial blood was drawn, 
and the oxvgen content was found to be 103 per cent On referring to table 3, 
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which presents data for the same dog, it is found that an arterial oxygen content 
of 10 33 per cent corresponds to a concentration of 8 5 per cent of ox 3 fgen in 
the inspired air The dog was unconscious for about fifteen minutes, but he 
subsequently recovered and was perfectly well the next daj^ 

RESULTS 

This experiment shows how lapidly the blood takes up oxygen fiom 
the ail when the need for it is great Suiel}’' this indicates the marked 
advantage of the inhalation over the subcutaneous method of adminis- 
tering oxygen if adequate pulmonaiy suiface is available when oxygen 
IS urgently needed The oxygen in the dog’s tissues and muscles, 
although far in excess of that used clinically foi human beings, was 
totally inadequate, wheieas a few bieaths of oidinary air was sufficient 
to restore the animal It seems evident from these experiments on 
normal anesthetized dogs that at the time when one would most expect 
subcutaneous oxygen to be utilized, there was no supporting evidence 
from symptomatolog} and oxygen deteiminations Other woikers 
have stated similar conclusions 

10 Spehl, P , and Lemort, A C Compt rend Soc de biol 98 1262 (May 4) 
1928 Davies, H W, and Rabinovitch, M J Physiol 64 xxxviii, 1927 
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COMMENT 

Since the volume of oxygen given to the expeinnental animals \\as 
far in excess of that advised foi human beings, it is piobable that vhen 
theie IS a severe degiee of anoxia, such as is encountered in pneumonia 
oxygen given subcutaneously cannot mateiially effect the oxygen content 
or the peicentage of oxygen desaturation of the aitenal blood, m othei 
words, its benefit, if actual, is not derived fiom its power to oxygenate 
the blood 

If this IS so and if the late of absorption of oxygen fiom the sub- 
cutaneous tissues IS so slow, it is difficult to conceive what benefit this 
method can have Even if the oxygen somehow neutialires the toxins in 
pneumonia, as was suggested by Kiik, w hy may the subcutaneous injection 
of oxygen seem to be of benefit in othei divers conditions, such as heart 
failuie, in which presumably toxemia is absent^ The woik of Lipkin 
and his associates ^ laised the question of the stimulation of the foi illa- 
tion of specific antibodies following the sulicutaneous injection of 
oxygen This is not likely to be a factoi m pneumonia (as stated 
pieviously) , however, we aie investigating this point further Singh 
has shown that the ability of the lungs to satuiate blood with oxygen 
IS about fifteen or twenty times greatei than that of the vhole subcu- 
taneous region This point is well bi ought out in oui last expeiiment 
Finally, the fact that in pneumonia the peicentage of oxygen desatuia- 
tion of the aitenal blood and its response to oxygen theiapy aie of 
piognostic significance seems to be o\ei whelming evidence m favor of 
the conclusion that the oxygen is of benefit solely for its po^\el to 
oxygenate the blood More ciitical evidence is needed before tlie suli- 
cutaneous injection of oxygen can be accepted as a sole means of com- 
bating systematic anoxia The woik piesented in this papei does not 
exclude the possible value of the subcutaneous injection of oxygen in 
cases of extieme anoxia as an adjunct to other standaid forms of oxygen 
therapy, nor is the treatment of local conditions by injection of oxygen 
covered 

CONCLUSIONS 

Oxygen given subcutaneously to anoxic dogs in amounts far gi eatei 
than that advised foi adult human beings failed to altei the oxjgen 
content oi percentage of desatuiation of the aitenal blood 

No evidence of absorption of subcutaneous oxjgen b} the anoxic 
animal was obtained even when it was uigenth needed 

The great efficiency of the inhalation method is emphasized b} these 
experiments 

ABSTRACT OF DISCUSSION 

Dr Henry C Sweany, Cincago I am wondering what the effect is in 
surgical conditions This method has been used in thoracoplastic operation*; 
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apparentl 3 ' with slight temporary improvement of the dj'spnea I wonder how Dr 
Barker would explain that 

While physiologists do not seem to be able to explain this action clinicians 
seem to observe a temporary improvement after its administration I should 
like to have some clinical discussion of this subject, if there are any clinicians 
here who have had experience with it 

Dr Clyde Brooks, New Orleans, La We are indebted to the essayist for 
an excellent paper From the standpoint of physiology, the result is just what 
would be expected I am utterly at a loss to see how the subcutaneous injection 
of oxygen could be of any benefit in a case of pneumonia or any other clinical 
condition m which oxygen want is an outstanding feature If there is any benefit, 
it seems to me it must be due to the stimulation of reflexes by the local action of 
the oxygen or some other similar action 

Dr Virgil Moon, Philadelphia I cannot take this subject up from the 
standpoint of internal medicine, but perhaps one or two observations from the 
standpoint of pathologic physiologj"^ may be pertinent Tissue anoxia becomes a 
major feature in many clinical states associated witli intoxication after burns, 
during the course of severe acute infections or after extensive trauma or surgical 
intervention These conditions maj' lead to a type of circulatory deficiency’^ usually 
designated as shock Anoxia is one of the major factors in the mcious circle, a 
self-perpetuating mechanism by which the circulatory failure becomes more and 
more marked The circulation becomes progressively less able to maintain 
delivery of oxygen to the tissues It seems to me that the paper by Dr Barker 
bears directly on that point One of the major difficulties in breaking the mcious 
circle and in restoring physiologic efficiency is that of getting oxygen to the 
tissues The lungs are partially incapacitated by virtue of the engorgement and 
edema which have developed in them Their function perhaps can be reenforced 
or aided by the administration of oxygen by some other route I had not thought 
or heard of the subcutaneous introduction of oxygen as a possible means for 
accomplishing that purpose Giving oxy'gen in an oxygen tent and, as has been 
suggested by Dr Bullowa, by inhalation under pressure have been considered 
It seems that the introduction of oxygen by the subcutaneous route offers another 
means of attack on the anoxia which may develop in a wide variety of clinical 
conditions 

Dr J H Bacon, Peoria, 111 I am not a member of this Section , I am a 
surgeon Years ago, cows with garget were treated by injecting oxygen through 
the duct of the nipple, and farmers thought that they noted a definite improiement 
in the condition of the cows Then later the same method was used for women 
w’lth toxemia of pregnancy, by injecting pure oxygen into the breasts About 
twenty’ years ago I had two patients with eclampsia who were gnen oxy’gen, 
all the breasts would hold, over a period of an hour, both of them seemed to 
improve and, they both recovered I have not been using this method in recent 
years because other methods of treatment of eclampsia have been introduced 
since then 

Dr M Herbert Barker I appreciate these questions because they are the 
questions that are being raised by many The motive for carrying on this type 
of experimental work is to try to remove some of the uncertainty, confusion 
and perhaps delusion from the subject of the subcutaneous administration of 
oxygen 

ilembers of the medical profession are becoming more and more oxygen 
conscious, and if the subcutaneous administration of oxygen is an answer to the 
problem of systemic anoxia, then it is the simplest and least expensive method 
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of treatment However, according to the Jiterature and according to the net' 
brought out in this discussion, so man\ conditions are reported as being aided 
b\ the subcutaneous administration of o\\gen that tiie method docs not seem 
sound Better phesiologic reasons must be found for the apparent benefit in 
these diverse conditions before the method and the small volume ot gae u«cd 
can be accepted as the explanation 

With regard to the injection locallv, which Dr Brooks has discussed, it is 
our opinion that nothing but reflex stimulation is the cause of some of the 
temporary and rather acute benefit that is seen I am doubtful that this is a 
good answer, but it is impossible to explain it in anv other wav as vet Certamh 
it IS not explained from the standpoint of relief of arterial dcsaturation The 
fact that the average person requires from 300 to 500 cc of oxjgcn a minute 
and the fact that from 300 to 500 cc is introduced once a dav subcutancoush 
render such a method useless to the patient who reallv needs oxvgen So it 
results are being obtained with these small doses, thev are being obtained in some 
otlier vv'ay than b}” the correction of blood oxvgen desaturation, as our work 
tends to show 

I am anxious to support Dr Iifoon’s discussion in relation to peripheral vascular 
states in shock, in coronary disease and in postoperative states In some insti- 
tutions, as mentioned by Dr Waters, it has been found that about 75 per cent 
of all 0 x 3 gen is given by surgeons They find it is of tremendous benefit to 
their patients postoperative^ I am anxious to have the work that we are report- 
ing not stand in an}" way against the subcutaneous administration of oxvgen 
in conditions in which it can possibly do any good AI} experience has been that 
there are possible uses for it as an adjunct to the inhalation route, but large 
doses must be given Administering from 5 to 15 liters under the fascia lata, where 
it IS under pressure and can diffuse into the muscle and where there is a rich blood 
supplj", has seemingly been of real benefit to the severe!} anoxic patient, for 
example, the severely anoxic patient with pneumonia, for whom the inhalation 
route is not sufficient A large v'olurae of ox}gen may be burned everv three or 
four hours Such an adjunct volume, administered subcutaneous!}, is quanti- 
tativ'el} adequate to do something for arterial desaturation But this volume 
is far larger than is customarily gwen I feel tliat conditions of this sort should 
be studied further Certainly local conditions, such as the gas gangrenes and some 
skin grafts, may be benefited by local injection of oxvgen, but these are local 
conditions, not s}stemic anoxia 
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For mauy years different workers Irave attempted to show that 
voluntary hyper pnea can produce serzures rn a patrent wrth epilepsy 
Numerous theories have been advanced for the mode of action, all of 
them being connected either with changes in the concentiation of 
specific ions in the blood or with alteiations in the acid -base equilibrium 
In voluntary hyperpnea a state of alkalosis is encountered Because of 
this, Lennox^ suggested, for the first time, that anoxia may play a 
part in the production of seizures, in that m alkalosis the blood gives 
up oxygen less readily, thereby causing oxygen lack in the tissues 

On the basis of this premise it should be possible to predict the 
occurrence of seizures as the result of voluntary hyperpnea A review 
of the literature shows a lack of agreement as to the incidence and 
mechanism of the production of seizures by hyperventilation oi anoxia " 
To test the role of anoxia in producing seizures Lennox and Cobb caused 
patients to hyperventilate in an poor in oxygen Seizures were most 
readily induced in patients with frequent petit mal attacks, but there 

The Linde Air Products Company donated the nitrogen for use in these 
experiments 

* Fellow in the Department of Experimental Medicine, Northwestern Univer- 
sity Medical School 

From the Department of Experimental Medicine and the Department of 
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This study was made possible by grants from the Minnie Frances Kleman 
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1 Lennox, W G , and Cobb, S Epilepsy, Harvard Medicine Monograph, 
Baltimore, Williams S. Wilkins Company, 1928, vol 14 

2 Fog, M , and Schmidt, M Hyperventilation Experiments During CO: 
and O: Inhalation in Patients with Convulsions, J Neurol & Psj'^chopath 12 14- 
23, 1931 Baudouin, A , and Schaeffer, H L’epreuve de I’hyperpnee, Rev neurol 
1 445-473, 1933 Petersen, C J N Contribution a la pathogenese de I’epilepsie 
et a la genese d’une attaque epileptique provoquee par hyperventilation, Compt 
rend Soc de biol 106 580-583, 1931 
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Wtis failuic to obtain them in p.ilients subennp^ fioni 141 nul ni.il '-f i/uu s 
Lennox found that the degicc of anoxi.i sufficient to induce <ni .ittacl 
would he inadequate if the lespiied an contained <in increased pei- 
eentage of caihon dioxide 01 if the patient was in <i slate of acido'-is 

The lesults of anoxia depend on its dcgiee, suddenness of piodiu- 
tion and duiation'’ If the oxygen deficiency iS of a sufficient dcgiei 
the aeid pioducts foimed in the tissues pass into the blood .uid ovei- 
eoine the noimal alkalinity, with lesultnig m.uked acidosis Comeiddit 
with this acidosis, the lespiiatoiy center is depiessed, and caihon dioxide 
in conjunction with oxygen is necessary to stimulate it This change ol 
state fiom one of pine anoxia to one of asphyxial acidosis oecuis when 
the oxygen content of the lespiied an is 1 educed to 8 ]iei cent In 
conditions of modciatc anoxia, the hicaihonatc level of the pl.isina 
falls, the dcciease being accoinjianicd chiefly with ,in inciease in the 
chloiidc content of the sciiim and paitly by an ineiease in the piotcin 
content The pu inci eases model ately In some cases theie ma\ h( 
a diminution in total base so as to help compensate fin the loss of 
caihon dioxide by hypei ventilation Theie is a leduction in the jdios- 
phate content ■* If the anoxia is earned fuithei, acids, such as lactic 
acid, accumulate in the blood, the pn falls and the hicaihon.ite content 
of the plasma diminishes maiKedly This is the condition of nsjihyxial 
acidosis 

Thus, 111 anoxia theie ,11 e definite changes in the aeid-hase eqiii- 
lihiitim which aic not seen in epilepsy befoie 01 aftei a sei/uie ^ Duiing 
an attack theie is a state of acidosis which is similai to the asphyxial 
acidosis of scveic anoxia " In an epileptic sei/uie, howcvei , the acidosis 
IS the icsult and not the cause of the attack One must not lose sight of 
the fact that in the space of a few minutes the acid-hase cquihhiium 
may he totally distuihcd, as in voluntaiy hypei pnea 

3 (a) Ilaklanc, T S I\csj)nat)on, New IT.ivcn, Conn, Yale Tjinvcisitj 

Pics*-, 1022, p 129 (b) Ilaiciofl, J Anox.icnii.i T anret 2 48v'189 (Sept 4) 

1920 

4 Peters, T P , Bulger, II A , Eiscnman, A T , and I cc, C 1 otal \cid- 
P>ase Eqnilibnum of Plasma in Ileallli and Disc.ise IV Tlic Efferts of Stasi*;, 
E\eicisc, Ilyperpnea, and Ano\cmia, and the Causes of Tctain, J Biol Clifin 
G7 175-218, 1920 

5 Rossier, P II, and Merciei, P Etudes sur rtquilibre atidc-IiT^c du 
sang Epilcpsic et alcalose, Aicb inlcrnat dc ined c\pcr C 411-421, 1911 
Dautrebande, 1 ucicn L’equilibic acidc-1ns( du sang dans tpilcpsic, Conipf itnd 
Soc dc biol 9*1 133-135 (Jan 22) 1926 Flctcbci, R 1 , and Pc den, 0 D 
Note on Blood Chcmisuy ni Epilcpss, Lancet 1 1182-1184 CTunc 15) 1915 
Bjurc, A Is Tbcre Aiiv Connection Between Epileps\ ,ind Reaction 01 Blood’ 
Acta med Scandinav , supp 34, 1930, pp 111-138 

6 McLauglilin, F I , and Hurst, R II \cid-B i^e Equilibrium of Bloorl 
111 Epilepsy, Quart J Med 2 41f> 42L 1011 
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A review of the liteiature caused us to feel that the natuie and 
short duration of the experiments repoited, the apprehension of the 
patient, the frequent occurrence of phenomena of motor excitation, 
fainting spells and the beneficial effect of caibon dioxide in reducing 
the incidence of seizures cannot be ascribed to anoxia per se There- 
fore, we decided to subject patients with epilepsy to the effects of 
prolonged anoxia to see at what percentage of oxygen tension m the 
inspired air we could, if possible, induce seizures 

METHOD 

A double oxygen chamber was used for these expeiimcnts, but nitrogen instead 
of oxygen was pumped m to reduce the oxygen content of the inspired air The 
patients (thirteen m all) lived in the chambers and had much freedom The\ 
were allowed to get up and walk about, and as there was a communicating door 
between the two chambers they could talk to each other, play cards and relieve the 
monotomy in other ways The humidity, temperature and oxygen content of the 
air were under perfect control In other words, the patients were free from 
the apprehension that must occur in any rebreathing experiment This, we feel, 
was important In some cases the diet was planned so as to regulate the intake of 
phosphorus, sulfur and chlorides and to control further the studies of the acid-base 
equilibrium A chart of the water balance was kept so that the twenty-four out- 
put of the various ions could be calculated and the mineral balance thus deter- 
mined The duration of the patient’s stay in the chamber was thirty-six hours, 
except in the case of three patients, two of whom were released at their own 
request because they felt ill and one who stayed in for four days As a routine 
procedure blood was drawn under oil from the radial artery on the day of the 
patient’s admission to the chamber, and then the oxygen content of the inspired 
air was lowered to 17 per cent and held there for about twelve hours This was 
found adequate to prevent “mountain sickness ” In the next eighteen hours the 
oxvgen content was lowered gradually to 10 per cent and in the subsequent six 
hours to as low as was thought safe for the patient, the lowest being 7 per cent 
At this point blood was again drawn from the radial artery One patient, J A , 
who was m the chamber four days, respired the following atmospheres first day, an 
average of 16 per cent oxygen , second day, 14 per cent oxygen for twelve hours, 
and 12 per cent oxygen for twelve hours, and third day, 11 per cent oxygen foi 
eighteen hours In the subsequent five hours the percentage of oxygen was low- 
ered to 9 Considerable difficulty was often encountered in drawing the final 
specimens because of the collapsed condition of the arteries For this reason the 
percentage of oxygen desaturation of the arterial blood recorded in the charts is 
not as great in some cases as it should be If the patient had a seizure during 
his stay in the chamber, arterial blood tvas drawn immediately The carbon 
dioxide content of the air in the chamber never rose above that of the normal 
atmosphere of a room, even though there was no soda lime in the air circuit The 
carbon dioxide content was kept down by continuous dilution with nitrogen The 
oxygen of the air in the chamber was analyzed every one or two hours by means 
of a Haldane analyzer The blood in all cases was analyzed for the oxygen con- 
tent, oxygen capacity, hematocrit reading, carbon dioxide, total halide, sulfui, 
phosphate and total protein contents, and in some cases cholesterol and phenol 
contents 
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The o\jgen content of the artenal blood was detennined b\ the incihud oi 
Van Sbke," the carbon dioxide content, b> the method oi ^■a^ SKkc 'iiul 
Cullen , ® the total halide content, by the method of Whitchorn , ^ the total protein 
content, by the combined methods of Howe and Wii and Koch and ]\rcMcckm as 
described b} Hawk and Bergeim the inorganic phosphate contents ot tne blood 
and urine, b}' the methods described bj Fisk and Subbarow , “ the inorganic >'ulnte 
contents of the blood and urine, by the method described bs HofTman and 
Cardon , the cholesterol content of the blood, b\ the mctliod of Bloor Pelkan and 
Allen, the total phenol content of the blood, by the method oi Thus and 
Benedict , the chloride content of the urine, b\ the method of \'olhrrd and 
Harvc},^® and the bromide content of the blood (estimation), b\ the metliod ot 
Wuth 

Similarlj, si\ dogs were placed in an ovjgen chamber under norma! luing 
conditions, and a series of prehminarj studies were made to dexelop a technic and 
to study the changes in the blood chcmistrj m the anoxic animal oxer long periods 
of time The 0x3 gen content of the inspired air xxas lowered to asplixxial lexel« 
and in three cases death ensued 

In the cases of the dogs an explanator) note must be oftered foi the dis- 
crepanc} betxx'een the percentage of ox3'gen in the inspired air and the percentage of 
oxxgen desaturation of the arterial blood This xxas due to the fact that in some 
instances, because of a few' seconds of delay in the draxxnng of arterial blood, the 
dog took a fexx’ breaths of normal air Three such breaths xxerc found to be siifli- 
cient to raise the oxxgen content of the arterial blood far abox'c its prexious lex cl 
In the case of J K , there xxas a small percentage of desaturation of the blood, 
due to delax 


7 Van Slyke, D D Gasometric Determination of the Oxxgen and Hemo- 
globin of Blood, J Biol Chem 33 127-132, 191S 

8 Van Sbke, D D, and Cullen, G E Studies of Acidosis I The Bicar- 
bonate Concentration of the Blood Plasma, Its Significance and Its Determination 
as a Pleasure of Acidosis, J Biol Chem 30 289-3-16, 1917 

9 Whiteliorn, J C A S3 stem of Blood Anabsis II Simplified Method 
for the Determination of Chlorides m Blood or Plasma, J Biol Chem 45 -1-19-460, 
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PROTOCOLS 

We feel that a protocol of each case is necessary to a complete 
understanding of the lesults obtained However, limitations of space 
prevent inclusion of the results of each determination of the oxygen, 
carbon dioxide, temperature and humidity of the air in the chamber 

Case 1 — J A was a single man aged 29 At the age of 10 years, while work- 
ing on a farm, he had his first convulsion He had two more attacks m the next 
two years He was given phenobarbital and for two years had no attacks For 
SIX or seven >ears prior to this study the attacks occurred at night, and in 1932 
they averaged one per week During 1934 he had only five attacks There was 
no objective evidence of organic disease of the nervous system No seizures 
occurred while he was in the chamber However, he suddenly became extremely 
cj'anotic and unconscious, with irregular respiration, periods of apnea and a rapid 
thready pulse Artificial respiration had to be resorted to This occurred on his 
fourth day in the chamber, when the oxygen content of the air was 9 per cent 

Case 2 — W B , a man aged 35, had one child alive and well At the age of 
33, a week or two after an attack of influenza, he had a minor seizure Seizures 
recurred frequently for a month Then he had a severe sustained tonic convulsion 
which lasted two hours At intervals after that he had at times warnings of 
attacks, attacks of short duration, with a sense of blurring and fogginess, attacks 
in which weakness of the right lower extremity developed, m which he sank down 
and got up immediately, and attacks of generalized convulsions He became 
irritable, excitable and short tempered He was operated on for suspected tumor 
of the brain in 1933, but none was found After the operation he had attacks 
beginning with pallor of the face and staring, but no actual convulsions occurred 
He had mild hemiparesis on the right He had an “attack” while in the chambei 
when there was 14 per cent of oxygen m the inspired air 

Case 3 — R P , a man aged 28, had one normal child 16 months old The 
patient contracted syphilis five years before the onset of seizures and received 
treatment About six months afterward he had a convulsue seizure About one 
and one-half y^ears before the attack he sustained an injury in an automobile acci- 
dent, being unconscious for a short time and dazed for a couple of hours After 
the first attack he had recurrences once a month Once they ceased for six 
months, and then for a period of two months he had one attack every week The 
attacks began with an aura of “blankness,” which was followed by a typical tonic- 
clonic seizure There was no evidence of organic disease of the nervous svstem 
No convulsion or attacks occurred during his stay in the chamber 

Case 4 — K , a married man aged 46, suffered from grand mal attacks from 
August 1933 to April 1934 and after that had petit mal attacks In the first attack 
he had blurring of vision, after which his head turned to the left, his right arm 
rose up and he turned to the left and fell unconscious Subsequently he was weak 
and drowsy The grand mal seizures ceased after bromide therapy, but he com- 
menced to have petit mal attacks, in which he became mentally confused and 
speechless but remained conscious, each attack lasting a few seconds He said that 
his memory was poorer There was no objective evidence of disease of the 
nervous system He had a questionable attack when m the chamber at an oxygen 
percentage of 9 

Case 5 — R, a boy aged 16, was struck by an automobile when he was 7 
years old and lost consciousness for thirty minutes The skull was said to have 
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been fractured With the exception of severe headache, there were no immediate 
symptoms of injury to the brain One week later he experienced an attack of 
petit mal lasting a few minutes Similar attacks occurred at intervals of several 
weeks In the four jears prior to this study grand mal attacks appeared at the 
same interv'als His last attack occurred three and a half weeks before hospi- 
talization He had an attack two days after admission to the hospital After a 
short period of confusion his head and eyes turned to the left, and as Lis body 
began to turn to the left he lost consciousness and fell Then a tomc-clcnic con- 
vulsion ensued Although no evidence of intracranial injury was found, the 
history of skull fracture and a focal character of the beginning of the attacks sug- 
gested the possibility of a local pathologic condition He felt as though he vveie 
going to have an attack when the oxygen content of the chamber air was at 8 5 
per cent None, however, dev^eloped 

Case 6 — R R, a man aged 27, who had been married seven jears, had one 
child alive and well At the age of 19 3 ears, while at work, the patient had an 
attack beginning with the seeing of bright spots before his ej'es After an interval 
sufficiently long to permit him to sit down, he lost consciousness During this 
period his extremities were rigid, and on regaining consciousness he slept for 
three hours For two years the attacks appeared every three or four weeks 
During the following 3 '^ear he was free from any form of attack In 1930 the 
attacks recurred from about every four to six weeks but caused no loss of con- 
sciousness Only the right upper extremity became rigid, the fingers became fixed 
in a semiflexed clavvhke position and the right side of the face twitched At the 
time of this study each attack lasted about thirty seconds No critical evidence of 
organic disease was found, but the focal character of the attacks pointed to some 
local pathologic condition He had no attack while in the chamber 

Case 7 — W was a man aged 23 At the age of 15, one year after an attack 
of polyneuritis following the eating of strawberries and immediately after the 
drinking of two glasses of wine, he slumped in his chair as though asleep He 
remained in this condition for an hour and then awakened but continued to feel 
drowsy One year later he suddenly fell, losing consciousness He began to drink 
alcoholic beverages, and the attacks occurred once a week, then as often as three 
or four times a day He was placed under treatment and had no attacks from 
January 1935 to the time of his entrance into the hospital on March 4 The 
attacks occurring prior to January were often ushered in with a feeling of pucker- 
ing of the lips and at times a sense of a peculiar odor There ensued a sudden 
loss of consciousness lasting five minutes, during which he would he m a “limp” 
state In addition to these attacks, for about one and a half 3 "ears he had attacks 
of automatism, occurring sev^eral times a week, until January 1935, after which he 
had one or two a week In an attack which occurred in the hospital he wandered 
to another patient’s bed, took a footstool with him, sat on it and started to undress 
When spoken to, he regained full consciousness A significant fact was his state- 
ment that he could bring on an attack frequently by playing a trombone There 
was no objectiv'C evidence of organic disease of the nervous sj'stem He had an 
attack while in the chamber when the oxjgen content of the inspired air was 
14 per cent 

Case 8 — E O, a man aged 36, had one child living and well During the first 
vear after his marriage, eleven 3 ears previous^, he had a nocturnal attack 
Similar attacks continued to occur about once a week for seven or eight vears 
After 1930 the attacks occurred in series of three or four a dav and then none 
for three or four weeks During the month prior to hospitalization he had two 
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attacks, and while being examined in the hospital he had an attack He suddenly 
stopped following directions, lost consciousness, pursed his lips, became cyanotic, 
had tonic spasms, made pushing movements with the arm and turned the head to 
the right After a few minutes he sat up and searched feverishly for some object, 
uttered a few nonsensical phrases, half climbed out of bed and continued to pluck 
at the bedclothes and bedspnngs , fifteen minutes later he became normal In 
another attack he fell over limply on the table, arose and walked about for a fe^\ 
minutes as if in search of something There were no objective signs of organic 
disease of the nervous system He had no attack while in the chamber 

Case 9 — A H , a man aged 39, was married but had no children He had 
gonorrhea fifteen jears previously The first seizure, eight to nine years before, 
occurred when he was m bed He “wanted to get out and go to work very bad ” 
He did not know what happened The spells were the same for the next two years, 
coming on in the night two or three times a year Four or five years later ne 
had an attack during the day After that the attacks occurred every two to four 
weeks, but he did go as long as six months without one Two or three years 
before this study was made he began to have an aura, which lasted for a few 
seconds and consisted of a feeling of faintness and a feeling as if his “eyes were 
going out”, then everything would turn black It took him from fifteen to thirty 
minutes to recover His last attack occurred eighteen months before entiy 
There was no evidence of organic disease of the nervous system He left the 
chamber at his own request after twentj'-four hours because he felt unwell There 
were no seizures 

Case 10 — A O, a single man aged 18, had an attack while in Sunday school 
at 6 years of age He felt weak, faint and dizzy and on going to the fountain for 
a drink fell limply and was unconscious for two minutes There were no tonic oi 
clonic movements Nine years later he had a similar attack at 7 a m For a 
space of a minute or two he had an aura of dizziness and weakness, followed by 
unconsciousness He partiall}'' regained consciousness and tried to get up, but 
everything “went black” and he fell back again He thought he was unconscious 
for four or five minutes After that he had no more than three similar attacks 
There was no evidence of organic disease of the nervous system He complained 
of cramps in the legs after being in the chamber for twelve hours and requested 
release He had no seizures while there 

Case 11 — P D , a married man aged 29, had been an alcoholic addict since 
the age of 12 years In 1931 while driving a car he “passed out,” finding himself 
sitting in his place a short time afterward These attacks occurred 'two or three 
times a week During the following j^ear ps}'chic equivalents of seizures devel- 
oped, during which he was destructive and maniacal The attacks increased in 
frequency to one or two a day Starting in 1933 the attacks began with an aura 
of deja vu, followed by loss of consciousness and a convulsive seizure In 1933 he 
had an acute alcoholic psychosis, from which he recovered There was no objective 
evidence of organic disease of the nervous system He was thought to have a 
psychopathic personality and a convulsive disorder He had a number of attacks 
during the period of hospitalization He had a fugue when m the oxj'gen chambei, 
the percentage of oxygen being 15 

Case 12 — D B , a woman aged 33, had one child At the age of 14 years the 
patient began to have attacks with turning of the head to the left and then loss of 
consciousness and tonic-clonic convulsions, followed by vomiting and sleep Thej 
occurred several times a month until she w'as 25 but diminished m frequency after 
pregnancy During a period of three years, while taking 1 5 grains (0 97 Gm ) 
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of phenobarbital a claj^ she had no attacks Latel}', after the attacks had ’■ecurred, 
she thought she was able to prevent the loss of consciousness and generalized 
convulsions by grasping her head when it began to turn at the beginning of an 
attack There was no objective evidence of organic disease of the ner\ous system 
The condition in this case ordinarily would be classified as idiopathic epilep'i , 
but attention should be paid to the focal nature of the beginning of the attack 
During the period of hospitalization she was given 15 grains (0 97 Gin) of 
phenobarbital daily No attacks occurred while she was in the chamber 
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Case 13 — E W, a married woman aged 41, had had attacks without an aura 
every two weeks since the onset of menstruation The spells had become less 
frequent, the last ones hating occurred five months and one month, respectneh, 
before this study was made Physical examination revealed no etidence of organic 
disease of the nervous system, and the patient experienced no attack while in the 
chamber 

RESULTS 

We Studied the st mptomatology m these cases while the 0x3 gen 
content of the inspiied air tvas gradual!} lowered The respiration 
w^as laboied before the patient became cyanotic the c}anosis appearing 
usuall} at a concentiation of 14 pei cent of 0x3 gen in the inspired 
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dll, although in two cases cyanosis was not appaient until a le\el of 
12 per cent of oxygen was leached Usuall}, at the leA^el of 14 pei 
cent of oxygen in the inspiied an the patient Avas extiemely dyspneic 
on exertion He would feel little tioubled, but AAdien the oxygen tension 
was loAveied still fuithei, to a level of 9 pei cent of oxygen in the 
inspired air, he mvaiiably became deeply cyanotic, d}spneic and con- 
fused This, we felt, was the ciitical level beloAv Avhich it avouIcI be 
hazaidous to go, foi patient J A , foi instance, aitificial lespiration 
had to be used In some cases niegulai bieathing Avas appaient at a 
level of 12 per cent of oxygen m the iiispiied air It can be seen that 
the symptomatology differed m no Avise fiom that seen in noimal 
adults 

Not one typical epileptic convulsion Avas pioduced in any patient 
liowevei, in all cases motoi phenomena were obseived at oxygen levels 
coiiespondmg to the asphyxial stage In one patient a seizuie occuiied 
Avhen he was bieathing an containing 13 oi 14 pei cent of oxygen 
Two othei patients felt as if they were going to have a seizure Avhen 
the percentage of oxygen had been loAveied to 9 and 8 5, respectively, 
and two other patients exhibited epileptic-hke phenomena Avhen theie 
was 15 and 14 pei cent of oxygen, i espectively, in the respiied air 
These findings Avill be described in detail 

The seizuie experienced by F W while m the chambei occuried 
at an oxygen level of 13 oi 14 pei cent Anothei patient Avho Avas 
in the chamber at the time gave an eyeivitness account “W was rest- 
ing at the edge of his bed, without any guaid, Avhen he lose fiom his 
pillow and fell to the floor, striking his head fiist lie quiveied a 
lot foi about five minutes, his eyes staling toward the left He was 
almost purple” After the seizuie F W had a seveie headache, Avhich 
lasted about five houis The noticeable feature of the blood chemistry 
at the time of the fit was the marked fall in the level of the carbon 
dioxide content His roommate, R R , under identical conditions, had 
no symptoms When the oxygen content of the inspired an Avas 
loAvered still further, F W had no seizuies, and the carbon dioxide 
content of the blood lose, as did the chloride content It seems, then, 
that he did not adjust well to anoxia If the fit had been due to anoxia 
alone, then when the oxygen was loAvered furthei he should have 
gone into a status epilepticus An inteiesting fact is that he Avas the 
patient who by playing a trombone could bung on a seizure, Avhich 
piesumably Avas due to hypei ventilation of short duration 

17 Schneider, E C Physiological Effects of Altitude, Physiol Re\ 1 631- 
659, 1921 Douglas, C G , Haldane, J S , Henderson, Y , and Schneider, E C 
Physiological Observations Llade on Pike’s Peak, Colorado, Avith Special Refer- 
ence to Adaptation to Loav Barometric Pressures, Phil Tr Roy Soc , London, 
s B 203 185-318, 1912 Haldane Barcroft 
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J K , at an oxygen peicentage of 9 in the inspired air, felt as if 
he were going to have a seizuie “I felt my mouth twitching, my 
nerA’'es shaking I could see and heai, but I could not talk, as you 
know vhen 3 '-ou asked me questions I felt weak and went into a cold 
sweat, }0U had hold of my light aim and so prevented the fit, as this 
IS the one that goes up when I have a fit ” To the observer he appealed 
to be unconscious He was extiemely C 3 '^anotic, and his lespiiations 
were hissing, deep, labored and iiiegulai His teeth were clinched, and 
his whole bod 3 '' twitched, but there were no clonic oi tonic spasms, noi 
was there involuntary micturition or defecation The e 3 '-es weie deviated 
upward The ladial pulse was barely palpable He did not complain 
when a needle was inserted into an arter 3 '-, but he did when he was 
recoveimg Piesumably he was unconscious m the earhei period The 
symptoms — a barely palpable radial pulse, muscle twitchings and low 
ox 3 fgen tension — point to a state of asph 3 '^xial acidosis rather than to 
an epileptiform seizure When the blood was being drawn, some 
air enteied the syringe, thus luining the specimen for study Howevei, 
in this study the oxygen content of J R ’s blood may be used as it was 
an absolute contiol 

J R was undei the same conditions as J K , just mentioned He 
felt as if he weie going to have an attack when the oxygen content of 
the inspired air was 8 5 per cent He pi esented symptoms identical 
with those of J K 

Anothei patient observed that W B had an attack lasting fiom 
fifteen to twenty seconds when the oxygen content of the inspired air 
was 14 pel cent W B was staring straight ahead, and his left hand 
and leg twitched several times 

P D , while in the chambei at a level of 15 per cent oxygen in 
the inspired air, made several short attempts to tear ofiE the handle of 
the door, working at it for about five minutes He lemembered noth- 
ing of it afterwaid Fourteen hours aftei removal from the oxygen 
room he had an attack of confusion, combativeness and loss of memor 3 ’' 
for that period In the chamber he was garrulous, but after a while 
he seemed to settle down Ordinarily he was a friendly person 

Thus, while they were m the oxygen chamber under the influence 
of moderate anoxia and therefore of alkalosis for a period of thirt 3 '^ 
hours, there were produced in patients with epilepsy three epileptiform 
equivalents Two patients thought they were going to have an attack 
when a state of severe anoxia had been reached This occurred after 
a stay in the chamber of thirty-six hours 

On reference to the table it will be seen that the changes in the blood 
chemistry recorded during anoxia, both mild and severe, of patients 
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with epilepsy did not differ essentiall}" from those seen in dogs and 
from those reported in the Iiteratuie Considering the contiol deteimi- 
nations of the blood chemistry of these patients, we can see no dis- 
turbances of the acid-base balance The total halide content of the 
blood during mild anoxia vaiied little in all the expeiiments, any change 
being noted m the natuie of a loweimg At the same time the total 
piotem content of the seiuni eithei lemained stationary oi showed a 
use Coincident with this the moigamc sulfate content of the blood 
almost invariably inci eased, while the phosphate content deci eased 
This was especially maiked m dog 2, m which the moigamc phosphate 
level of the blood fell to nil and the sulfate content rose to 5 9 mg pei 
hundred cubic centimeteis In the case of dog 6, m which anoxia 
was piolonged foi seven days, a fall of the phosphate level to ml was 
noted on the fourth day, with a subsequent use to 4 95 mg pei bundled 
cubic centimeters At the same time the sulfate level had fallen to 
0 92 mg per bundled cubic centimeteis Peters and his associates 
observed a similar reduction in the phosphate content dining anoxia, 
which they said was inexplicable as well as unexpected Koehlei and 
his associates,’-® in refeience to the acidosis dm mg seveie anoxia, stated 
that it might be due in laige pait to a distuibance in the phosphate 
system, as has been claimed by Bouine and Stehle In two instances 
(R R and F W ) when a moie maiked fall in the bicaibonate content 
of the plasma was noted, the total halide content increased markedly 
This IS in accordance with the findings of Peteis and his colleagues’* 
However, in the case of the dogs, even though the bicarbonate content 
vas loweied enormously, down to 14 5 volumes pei hundred cubic 
centimeteis, the total chloiide content of the blood showed little change 
and often a lowering In these cases it is to be noted that the total 
piotem, moigamc sulfate and total phenol contents all showed a rise, 
whereas the moigamc phosphate level fell Why the total chloride 
level should fall we cannot see It might be suggested that a reaction 
to anoxia which is prolonged ovei the couise of days diffeis fioni that 
pioduced more acutely, or it may be that the amount of nonvolatile 
acids produced was sufficient to compensate foi the loss of bicaibonate 
The bicaibonate content of the plasma was not deci eased markedly 
until the asphyxial levels were reached, this being especiall}^ well seen 
in dog 6, for ivhich a level of 19 2 volumes of carbon dioxide pei 
hundred cubic centimeters was obtained This is m accordance vith 

18 Koehler, A E , Brunquist, E H, and Loe^enhart, A S The Produc- 
tion of Acidosis by Anoxemia, J Biol Chem 64 313-323, 1925 

19 Bourne, Wesley, and Stehle, R L The Excretion of Phosphoric Acid 
During Anesthesia, J A M A 83 117-118 (July 12) 1924 
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the findings of Hendeison and Radloff,-° as is the fact that only at this 
point did the total phenol content of the body show a marked use We 
are at present investigating this work m the light of the lesults obtained 
by Henderson and Radloff 

We aie at a loss to explain the rise in the inorganic sulfate content 
of the blood and the fall m the inorganic phosphate content, which 
were usually, but not invariably, seen It may he that these changes 
are part of the process whereby the sensitivity of the respiiatoiy centei 
IS increased to its specific stimulus (Peteis and his associates and 
Koehler and his associates 

No significant change can be seen in the twenty-four hour output 
of chloiide, sulfate and phosphate of the five patients so examined 
The calcium and the magnesium content of the diet weie low, so that 
most of the phosphate w^as excieted in the mine 

In summary, then, w’'e can say that the acid-base balance of patients 
wnth epilepsy in the mteival between attacks appears to be noimal — 
that they leact as one wmuld expect to anoxia, eithei mild oi seveie 

The absence of elevation of the chloride content of the blood of dogs in 
which the bicaibonate content was tremendously reduced seems difficult 
to explain The rise m the inorganic sulfate content of the blood and 
the fall 111 the organic phosphate content also were puzzling 

COMMENT 

We have obseived the lesults of piolonged anoxia in thiiteen 
epileptic patients under what we considei ideal conditions The patients 
lived in rooms and w^ere able to walk about and conveise with their 
neighbois The air bieathed w'as undei absolute control as to humidity, 
temperature and oxygen content The oxygen content of the inspired 
air was reduced giadually ovei the couise of thirty-six houis in the 
case of twelve patients Duiing the fiist thiity hours the aveiage 
oxygen content of the an was 13 5 pei cent, and in the subsequent six 
hours it W'as low'ered to a level which w'as thought safe foi the paiticulai 
patient, i e, fiom 7 to 9 pei cent The piehnnnary giadual induction 
of anoxia was used to prevent the undesirable effects of “mountain 
sickness ” The oxygen content of the air breathed by the patient w'ho 
stayed in foi four days was* given earlier m this paper 

In no instance did we observe a typical epileptiform seizuie One 
patient who w'as breathing an atmosphere containing 13 or 14 per cent 
of oxygen had an attack the significance of which has been discussed 
Two other patients felt as if they were going to have seizures when 

20 Henderson, Y , and Radloff, E M The Chemical Control of Breathing as 
Shown in the Acid-Base Balance of the Blood, Under Progressive Decrease of 
Oxvgen, Am J Phjsiol 101 647-661, 1932 
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they bi eathecl an containing 8 5 oi 9 pei cent oxygen, but, as has been 
shown, they weie both suffeiing from severe anoxia Two otbei 
patients exhibited epileptic phenomena when the oxygen content \vas 
14 and 15 pei cent, lespectively Motoi phenomena were obseived m 
every case when the oxygen content of the air was lo\yered to asphyxia! 
levels It should be noted that the patient who had a seizuie and tw^o 
otheis who felt as though they were about to have seizuies were all 
subject to both petit mal and giand mal attacks How^evei, P D, 
although also suffeiing from majoi and minor attacks, did not have a 
seizuie 

To satisfy oui selves that the piesence of excess biomide in the 
blood of these patients (they w'eie all undei bromide theiapy up to a 
few^ days before the tests weie earned out) was not a factoi in the 
suppression of seizures, the bromide content of the blood w^as estimated 
for every patient when he entered the chambei In only two cases was 
the bromide level sufficient!}^ high to have prevented spontaneous con- 
vulsions In the lemaindei it was so low that it could not be detected 
by the Wuth method 

The previous w^oik on this subject has been earned out as an acute 
experiment lasting for minutes, with variable results The patients 
have been subjected to a procedure wffiich could not help but fill them 
wuth apprehension, and instead of the production of a state of uncom- 
plicated anoxia, these patients have in all probability been reduced to an 
asphyxial condition It is not to be wondered that great difficulty 
has been encountered in distinguishing between the symptoms mani- 
fested and true epileptic seizures We have also noted the occurrence 
of loss of consciousness, intense cyanosis, rapid pulse rate and motor 
phenomena at these low levels In the milder but definite grades of 
anoxia and therefore of alkalosis we have produced three epileptic 
phenomena onl}?- one of which (the fugue) we w'^eie inclined to regard 
as at all definite 

The reaction of these patients to anoxia, as judged by the symp- 
tomatology and acid-base balance, w^as the same as one would expect 
and m no w^ay differed from that of normal persons or of control dogs 

We feel that the effect of anoxia per se on epileptic subjects under 
ideal conditions is not a factor in the production of seizures 

SUMMARY 

Thirteen epileptic patients have been obseived with regard to the 
effects of prolonged anoxia 

Five epileptic-hke phenomena w^ere obtained, w^e regarded only one 
as being a definite seizure and one as questionable 
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Every patient exhibited excitation phenomena during severe anoxia 

The symptoms and acid-base balance of these patients during anoxia 
differed in no wise from those observed foi dogs and normal human 
beings 

The acid-base balance of the patient with epilepsy in the intei- 
paroxysmal periods appears to be normal 

Anoxia per se does not seem to be a factoi m the production of 
epileptic seizures 

Dr Lewis J Pollock and other members of the staff of the neurologic clinic 
assisted in the selection, control and observation of the patients from the neurologic 
standpoint 

Mr W W Davison helped in the management of the ovygen chamber, and 
Mrs B Van Dyke and Miss S Hart carried out the anabasis of the blood 



CONGENITAL DEFECTS OF THE PERICARDIUM 

HAMILTON SOUTHWORTH, AID 

AND 

CHARLES SUA'IAIERS STEVENSON, AID 

BALTIMORE 

Congenital deficiency of the pericardial sac has iievei been coriectly 
diagnosed during life It is an anomaly which has aroused the attention 
laigely of anatomists and embryologists But m spite of its rarity we 
believe it is not without clinical significance 

The first case reported of absence of the pencaidium was that of 
Realdo Colombo m 1559, but it seems probable m the light of present 
knowledge that this was merely a case of adherent pericardium The 
first indubitable example of the condition was that leported by Baillie 
m 1793 Since then about fifty other cases have been described, but in 
many instances the protocols have been scanty and m none has the 
clinical side of the picture been stressed The unusualness of the con- 
dition IS furthei emphasized by the fact that in 1909 Veise found onl}- 
two examples m thirteen thousand necropsy reports and that the case 
we are about to describe is the first in the series of over fourteen thou- 
sand cases 111 which autopsy was performed at the Johns Hopkins lios- 
pital The following case is leported because it is the first one in which 
an adequate clinical description has been available The literature on the 
subject IS subsequently renewed 

REPORT OF A CASE 

B AIcD , a 46 year old Negress, was admitted to the medical service of the 
Johns Hopkins Hospital on Alarch 23, 1936, and died m eight hours Her critical 
condition precluded elaborate questioning, but apparently her health had been 
excellent save for a transient febrile illness with thoracic pain six years before 
her admission to the hospital There were no complaints referable to the heart, 
and though she was not specifically questioned on this point, her family was 
unaware that she had any cardiac abnormality Six days before entry she became 
ill, showing a typical onset of lobar pneumonia, with shaking chill, pain in the 
right side of the chest and bloody sputum As her temperature fell, however, the 
pain radiated around to the precordium, and her physician sent her to the hospital 
because she was looking worse 

When the patient was admitted the temperature was 101 F (rectal), the pulse 
rate 130, the respiratory rate 44 and the blood pressure 140 systolic and 70 diastolic 

From the Department of Aledicine and the Department of Pathology, Johns 
Hopkins Hospital and Unnersit\ 
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Physical examination showed a well developed Negress who was critically ill 
Respirations were rapid and labored, with audible moisture Slight cyanosis and 
definite jaundice were noted She had a cough productive of tenacious, bilc- 
stained sputum Her psyche was clear, but she was apathetic Dehvdration was 
marked The trachea was in the midline, but the heart seemed greatlj displaced to 
the left, with a forcible apex impulse in the posterior portion of the axilla and no 
extension of dulness to the right of the sternum The heart sounds were of fair 
quality, but there was a loud to and fro friction lub along the left margin of the 
heart, which, though affected by respiration, seemed predominantly cardiac in 
origin Signs of consolidation were noted over the lower lobe of the right lung, 
being most pronounced in the interscapular region, with evidence of resolution 
below' There were no signs to suggest effusion into the pleura At the base 
of the left lung scattered rales were heard, and laterally a pleural friction rub and 
slight dulness were noted The abdomen was moderately distended, and the liver 
w'as felt 2 cm below the costal margin The veins of the neck were engorged 

A blood count showed 34,320 leukocytes, with 98 per cent neutrophils The 
urine showed albumin (2 +) and a few leukocytes The sputum contained 98 per cent 
tvpe I pneumococci, and blood culture showed one hundred and twentj -four colonies 
of the same organism per cubic centimeter The Wassermann reaction of the blood 
was 4-}- Because of the extraordinary position of the heart a fluoroscopic study 
was made of the patient in bed The heart w'as observed to be greatly displaced 
to the left and little, if any, enlarged The pulsations were well seen A shadow 
at the base of the right lung suggested pneumonia, but the costophrenic angle was 
clear There was nothing indicative of fluid save a tiny layer in the interlobar 
fissure The lower portion of the left lung was obscured by the heart, but no 
CMdence of consolidation was discovered 

In spite of the use of type I pneumococcus antiserum, an oxygen tent, digitalis 
and sedatives, the course was rapidly downhill, and the patient died after eight 
hours The clinical diagnosis was lobar pneumonia, bacteremia and pericarditis 
due to Pneumococcus tjpe I, cardiac insufficiency and syphilis The cardiac dis- 
placement remained unexplained, as there seemed to be neither a significant collec- 
tion of fluid in the right pleura nor massive collapse of the left lung 

Autopsy — The patient died on March 24, and autopsy was performed in four 
hours 

Gross Examination The body w'eighed 54 Kg and w'as 158 cm long The 
nutritional state was average 

The abdominal organs show’ed the usual arrangement, without peritoneal or 
diaphragmatic anomaly The spleen was small, and the kidneys bore a few' old 
scars There w'as moderate sclerosis of the aorta 

As the anterior mediastinal connection with the sternum was cut from below' 
upward in the routine removal of the sternum, it was discovered that this con- 
nection was absent above the level of the third costochondral junction and did not 
begin again for a distance of about 6 cm , thus forming a window of about that 
diameter connecting the two pleural cavities (fig 1) Part of the upper lobe 
of the right lung protruded through the window' and was adherent to the upper 
lobe of the left lung The heart, covered with fresh fibrinous exudate, lav m the 
low'er half of the left pleural cavitj No layer of pericardium separated it from 
the anterior wall of the chest, the left lung or the diaphragm At the apex an 
old fibrous band, 1 cm in diameter, bound it to the lateral thoracic wall, and the 
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epicardium was also adherent to the lower lobe of the left lung and to the left 
dome of the diaphragm The left pleural cavitj contained about 500 cc and the 
right about 200 cc of thin purulent fluid The pleural surfaces of both lungs 
were covered wuth fresh fibrinous exudate The two lobes of the left lung 
occupied the upper half of the left pleural cavity, while the heart laj below' them 



F'ff 1 — Postmortem appearance of the relationship of the heart and the pleuial 
ca% ities 


With the heart King m the left pleural ca\it\, nothing was seen that c\en 
suggested a remnant of the left half of the parietal pericardium A mass of 
fatt} tissue formed the lower part of the anterior mediastinum below the inter- 
pleural window The surface of this mass adjacent to the right auricle extended 
upward to form a partialK encircling collar about the base of the heart and 
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beyond this merged with the left parietal pleura The heart i\as not enlarged, 
and the great vessels showed then usual arrangement The lateral displacement 
of the heart had caused no buckling of the aorta oi pulmonary vessels The 
myocardial walls were of usual thickness and normal appearance All the valves 
were thin and delicate There was slight sclerosis of the coronary arteries 

The upper lobe of the left lung was displaced upward and backward but con- 
tained air The lower lobe, where it was fastened by fresh exudate to the heart, 
was collapsed but not consolidated There was uniform gray consolidation of the 
lower lobe of the right lung The upper lobe of the right lung contained air, 
the middle lobe was small and compressed but not consolidated The lymph nodes 
at the hilus of the right lung and in the mediastinum above and below the inter- 
pleural window were enlarged Two adenomatous nodules of the right lobe of 
the thyroid gland lay beneath the manubrium The course of the two phrenic 
nerves was along the spinal column just posterior to the base of the heart, they 
were not involved in the abnormality 

Microscopic Examination Confluent lobular pneumonia of the lower lobe 
of the right lung and patchy atelectasis of the lower lobe of the left lung were 
noted The pleural surfaces of both lungs and of the epicardium showed a thick 
layer of exudate containing polymorphonuclear leukocjdes The exudate over the 
right lung gave evidence of early organization The adhesive band at the apex 
of the heart consisted of scar tissue Sections through the mass in the lower 
portion of the anterior mediastinum showed ordinary adipose tissue and a few 
small islands of lymphocytes The myocardium was normal, sections through 
the surface revealed epicardium covered with exudate but no evidence of adherent 
parietal pericardium There were subintimal thickenings and hyaline patches in 
the aorta and in the coronary arteries Sections from the kidney's showed a few 
healed cortical scars and extensive vacuolation of tlje epithelial cells The thyroid 
nodules were typical adenomas There were senile changes in the genital organs 
and chronic inflammation of the urethra 

CnUuJc — Ty'pe I pneumococci were grown from the heart blood 

Pathologic Diagnosis — The pathologic diagnosis was as follows congenital 
defect of the pericardial sac, with the heart lying free m the left pleural cavity , 
connection of both pleural cavities through the anterior mediastinum, confluent 
lobular pneumonia in the low'er lobe of the right lung, bilateral fibrinous pleurisy 
with adhesions , fibrinous epicarditis, with adhesions of the heart to the lower 
lobe of the left lung, to the left side of the diaphragm and to the lateral thoracic 
wall , scars of the kidney's, with v'acuolation of the epithelium , arteriosclerosis 
and coronary' sclerosis , thyroid adenomas , senility of the fallopian tubes and 
ovaries, and chrome urethritis 

Comment — Since there was no pencaidial sac enclosing the heait, 
but a common pletnopencatdial cavity on the left, it could be said that 
there tv'as no pencaidium and that the heait was entnely sunounded 
b> pleura However, it seemed mote logical, since theie was a layer of 
mediastinum separating the heart from the tight pleuial cavity, that 
this represented the right leaf of the parietal pericardium and that it 
was the absence of only the left leaf of the parietal peiicaidium that 
leleased the heart into the left pleura Death w'as the lesult of the ov'er- 
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•whelming pneuraococcic infection, which m the absence of the usual 
pleural and pericardial bariieis spiead so as to pioduce extensne pleuio- 
pericarditis as well as bacteremia 

EMBRYOLOG\ 

The development of the human pericaidium is a com^Dlex piocess 
the successive steps of which can be briefl} summarized as follow s The 
mtia-embiyonic celomic cavity first appears as an empt} sinus m the 
mesodermal segment at about the second somite stage (fig 2 III) It is 
an extension into the embiyomc mesodeim fiom the laige extia- 
embryonic celom (fig 21 and II), ivhich is found fiist in the human 
embiyo in the third week The intra-embi } onic celom enlaiges and is 
made up of the laige pericardial celom and the two lateial pleuiopeii- 
toneal canals (fig 2 VI) The latter connect at then lowei ends with the 
extra-embryonic celom 

The ventral wall of the still-paired peiicaidial celom thickens to form 
the primordial epimyocaidium (fig 2 IV) The foiegut then buds oft 
f 10111 the yolk sac, and the two pencaidial celomic cavities fuse, the 
twm endocardial piimordia likewise fuse into the one unpaired \essel 
(fig 2V) which latei becomes the heart 

By the fourth week the septum transveisum has begun to giow^ in 
f 10111 the ventral wall (fig 2 VII) and it extends dorsally m the niidhne 
until It meets the gut However, it leaves on each side a pleuial canal 
thiough which the peiicardial and peritoneal cavities communicate (fig 
2 VII) Each canal lies just medial to the common caidmal lem The 
lungs begin to bud from the pulmonaiy iidge (fig 2 VIII) and giow into 
the canal (fig 2 IX) Two folds now begin to grow out fiom the com- 
mon cardinal vein (ducts of Cuvier) on each side, the vential fold being 
the pleuropeiicardial membiane and the doisal fold being the pleuro- 
peritoneal membiane (fig 2 IX) When these membranes leach the 
medial wall of the pleuroperitoneal canal on each side of the lung bud, 
the)’’ fuse wuth it and thus w’^all oft the pencaidial and pleuial caMties 
separately fiom the peritoneal cavity (fig 2X) 

Three elements go to make up the diaphiagm the septum tiansver- 
sum, an ingiowdh fiom the bod} w^all and, lastly, the pleuroperitoneal 
membiane An} deficiencies in the diaphragm result from the failure 
of this membrane to close completely o^er the original opening Any 
deficiencies m the peiicardial sac aie due to the failure of the pleuro- 
peiicaidial membrane to close completely on one oi both sides 

Tw'o theories have been ad\anced in the attempt to explain wh} 
the peiicardial defect is generally on the left The fiist advanced b} 
Perna and by Plant, is based on a dei elopmental defect m \asculariza- 
tion With the formation of the left innominate -vein and the a/}gos 
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system m the eighth week of fetal life, the left common caidinal Aem 
tends to atiophy and m the adult is represented b} onl} the coionai\ 
sinus (Arey) The right common cardinal vein, howevei, finally 
develops into the superior vena cava If, then, the atiophy of the left 
common cardinal vein weie a little piemature, incomplete development 
of the associated pleuropei icardial membiane might lesult from a 
deficient blood supply The second theorj^ advocated by Risel and by 
McGarry, is based on a pi unary distuibance m the de^elopment of the 
celomic cavities McGaiiy suggested that the defect is generally on 
the left because the asymmetiy of the liver and its lotation duiiiig the 
couise of development put the gi eater tension on the left pulmonaiy 
iidge Moore tends to favor the former of these two theoiies, because 
of the comparative laiity of othei associated celomic anomalies 

ANALYSIS OF REPORTED CASES 

In 1925 Mooie was able to find lefeiences in the hteiatuie to sixty- 
foui cases of pericaidial defect, and subsequent authois have accepted 
his enumeiation Accoidiiig to this count oui case would be the 
seventy-fiist Moore, however, was able to locate only foity-two pioto- 
cols, a number extended by Grant in 1926 to forty-six We hav’-e looked 
up the references of these authois, tiacmg them back to then sources, 
and by adding the lepoits of cases published in the last ten yeais have 
been able to locate a total of fifty-four reports of cases The cases 
of Realdo Colombo, Tulpio, Littre, Peyer, Lancisi, Biunner and Hoyer 
have been excluded, as m all piobabihty they weie instances of adherent 
peiicaidium, as originally stated by Peina No case was found to be 
lepoited in the ai tides by Gieenhow and by Pailavecchio, and the 
piotocols by Meniere and by Bieschet obviously lefei to the same patient 
Desciiptions by Feiraiesi, Webei, Verbeck, Henkel, Wittcke, Phoebus 
and Shugenmofif could not be traced Examples of ectopia coidis and 
pel icai dial diveiticulum have been omitted puiposely 

The fifty-foui cases thus on recoid are listed m the accompanying 
table Two of them, those of Lawson Tait and Lebec, hav^e been grouped 
as doubtful because of inadequate or atypical descriptions, a judgment 
concuiied m by Perna Seven othei cases weie those of fetuses oi 
new-born infants so disfiguied bj anomalies as to be classified separately 
as monstei s ^ 

1 Monckeberg’s second and third cases have not been so listed because, 
although one case was that of a new-born infant and the other was that of a 
3 week old infant, the cause of death was not gnen in either case and the failure 
to describe other anomalies is presumptive evidence that none were present 
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Analyzing the data legarding the forty-six cases obtained by includ- 
ing our own case and excluding the two doubtful ones and the seven 
monsters, we find that with one possible exception (Chiodin’s - case) 
the defect w^as present onl) on the left side Among the seven cases 
m monsters there w^as one (Egbert and Little) m which the defect was 
entirel} on the light, and there was one (Risel’s first case) m which the 
defect, like that in Chiodm’s case, w'as thought to be bilateral Lawson 
Tait’s case, m wduch no vestige of pericardium was found anywhere, is 
open to suspicion, both because the description is meager and because 
the heait, though said to be lying free between the lungs, had no serous 
surface 

It therefore appears that the defect m nearly every instance is on 
the left The t}pe of defect varies from a small foramen connecting 
the pericardial and the left pleural cavity to one m which there is 
virtual absence of the left leaf of the parietal pericardium, leaving the 
heart and the left lung together m a common pleuropericardial cavity 

Moore classified his forty-tw^o cases under three categories (1) 
those in which the heart and the lung occupied a common serous cavity 
(59 5 per cent of the cases), (2) those m which there was only a 
foramen betw^een the pericardial and the pleural sac (21 4 per cent) 
and (3) those m wLich there was either no trace of pericardium or 
only rudiments thereof (19 1 per cent) It is our feeling that Moore’s 
third type of condition, the existence of which he himself admitted 
w^as dubious, w^as represented entirely by doubtful cases and that the 
condition has never been conclusively demonstrated As between the 
first and the second category we find, as Moore did, about three times 
as many cases in the former as in the latter In thirty-four (or 76 
per cent) of our forty-six basic cases there was a common serous 
caMty on the left for both the heart and the left lung, while m eleven 
(or 24 per cent) there was only a foramen on the left and the heart 
remained in the pericardial sac In six cases plus, of course, the seven 
cases m monsters, there were other congenital anomalies, m addition to 
the defect of the pericardium Two affected the heart, one the lungs, 
one a pleural cavity, one a kidney and one the peritoneum Since in 
a number of instances onl} the heart was carefully described, it may 
well be that other defects w^ere overlooked 

Thirty-three of our basic cases (77 per cent) occurred in males, as 
against ten m females This is in agreement with the finding of Maude 
Abbott, who listed seventeen males and six females The age at the 
time of death varied from birth to 75 years, with a mean of 41 6 years 
In comparison the mean age at death for the United States area of 

2 Chiodin w'as frank enough to admit that the smaller defect present on the 
right maj ha^e been an artefact produced at autopsj’’ 
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registration for 1900 was 35 1 years ® Tlie discrepanc}^ between tliese 
figures IS probably due to the fact that in our series only 5 3 per cent 
of the cases represent infant mortaht}’-, while in the census report deaths 
of infants under 1 year of age made up 20 8 per cent of the total If, 
therefore, deaths of infants under 1 year of age are excluded from 
both senes, the mean age at death in our series of cases of peiicardial 
defects becomes 43 9 years, while that for the registration area becomes 
44 2 years 

These figures indicate that the anomaly has no appreciable influence 
on life expectancy In only one instance (Boxall) was death appaiently 
due directly to the defect The case was that of a woman of 28 who 
three days post partum died suddenly, with symptoms suggestive of 
pulmonary embolism Autopsy disclosed that the whole heart had 
herniated through a large foramen in the left leaf of the pericardium 
and had become partially strangulated It was suggested that changes 
in intrathoracic pressures following delivery weie lesponsible for this 
mishap In fifteen cases the absence of cardiac symptoms was com- 
mented on, while in only three were circulatory symptoms recorded 
that were not obviously due to associated disease, such as hypertension 
or coronarjf thrombosis In two of these cases (those of Wolf and 
Ebstein) there was mild angina, and in one case the symptoms occurred 
after typhoid In the third case it was believed during life that there 
was adherent pericarditis, death was due to cardiac insufficiency the 
cause of which was not explained 

In twent}-thiee instances the size of the heart was described In 
four of the fourteen hearts said to be enlarged the enlargement was 
presumably due to associated cardiovascular diseases (coronary sclerosis, 
hypertension, chronic nephritis and mitral endocarditis) This leaves 
nineteen cases , in nine cases the heart was of normal size, which agrees 
with the observations of Grant that in only 50 per cent of the cases 
v as the heart enlarged 

Although it thus appears that a pericardial defect is rarely the direct 
cause of death or of cardiac symptoms and that it does not neces- 
sarily cause cardiac enlargement, it may yet be detrimental to health 
by exposing the heart to pulmonary infection This has been recog- 
nized previously by Abbott and by White, and the case cited is 
a conspicuous example How serious a menace this may be is shown 
by the fact that in nine (19 per cent) of the cases listed in our series 
death was due to pneumonia A\hile in twelve (27 per cent) there was 
fresh pleuropericarditis of some kind In six instances (cases reported 
by Bnstowe, Pisek Adsersen, Picchi [case 1], Beck and ourselves) 

3 Afortalih Statistics, 1900-1904, Special Reports, United States Department 
of Commerce and Labor, Bureau of Census, 1906, p 22 
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pleuropericarditis was associated with pneumonia, while in thiee others 
(cases reported by Lang, Chian [case 2] and Weisbach) its oiigin 
was not clear In all nine, save perhaps m AdserseiCs case, in which 
there was also a ruptured spleen, it was responsible for death In 
two cases (those of Baly and Powell) pleuropericarditis was associated 
with pulmonary tuberculosis, and in Orth’s case an aortic aneurysm 
produced a massive hemopericardiothorax by rupturing into the peri- 
cardium Further evidence of former, albeit localized and transient, 
pleuropericardial infections is found in the fact that in twenty-five 
(74 per cent) of the thirty-foui cases in which the serous surfaces 
were adequately described, there were adhesions between the epicardium 
and the left lung, the diaphragm or the pericardial remnant In one 
instance (Perna) these adhesions were studied histologically and, as 
expected, showed evidence of old inflammation It ma)’’ be deduced that 
the presence of these adhesions shows that pleuropericardial infection is 
by no means always fatal , at least they indicate that it is common No 
correlation could be made out between the size of the heait and the 
presence or absence of adhesions 

DIAGNOSIS 

The clinical diagnosis of congenital defect of the peiicaidium has 
never been made during life Maude Abbott has stated, howevei, that 
this need not be impossible and should be based on (1) the greatly 
increased mobility of the heart (2) its occasional hypertiophy without 
clinical cause and (3) its frequent displacement to the left In our 
patient the mobility was not adequate^ tested, owing to the patient’s 
extreme illness, and was probably impaired anyway by the adhesions 
and the plastic exudate, but the cardiac pulsations under the fluoroscope 
were conspicuous Cardiac enlargement was not piesent, in spite of 
the presence of adhesions The unexplained displacement of the heart 
to the left without deviation of the trachea was the source of much 
clinical comment Thus our case bears out at least one of Abbott’s diag- 
nostic criteria The hypothecation of these criteria is, of course, paitly 
presumptive Clinical data on increased cardiac mobility are entiiely 
lacking, though the approximately 50 per cent incidence of cardiac 
enlargement is definite The incidence of displacement is also rather 
uncertain In the 24 per cent of cases in which there was only a pleuro- 
pericardial foramen on the left, the heart was in normal position Of 
the 76 per cent of cases in which there was a common pleuropericardial 
cavity on the left, ours is the first in which an adequate antemortem 
description of the cardiac position has been gnen For the others since 
the anatomic description was given only after the anterior thoracic 
wall had been removed and the left lung had been collapsed through 
the opening of the left pleura, the data were rather uncertain as to the 
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cardiac position But it seems logical, as Maude Abbott has maintained, 
that the complete absence of the left leaf of the paiietal pericardium 
should cause some luxation of the heart to the left We therefore feel 
that, although the diagnosis is probably impossible in cases in which the 
defect IS repiesented only by a foramen, in those in which there is a 
common cavity on the left the diagnosis may be suspected from (1) 
unexplained displacement of the heart to the left and further confirmed 
if, in the absence of adhesions, there is (2) abnormal mobility of the 
heart Unexplained cardiac enlargement (3), if present, would be 
further evidence in favor of the diagnosis, though its absence would not 
be significant 

SUMMARY 

A description is given of a patient showing congenital absence of 
the left leaf of the parietal pericaidium, with an interpleural 'uindoY 
m the upper poition of the anterior mediastinum 

This is the first case reported in the literature in which adequate 
clinical data have been given and in which fluoroscopic examination 
has been included 

In a survey of the literature forty-five definite instances of this 
defect have been found, together with seven other instances in monstrous 
births and two doubtful cases 

Analysis of these cases reveals that the defect was almost invariably 
on the left, that in 76 per cent of the cases it w^as so complete on that 
side that the heart and the left lung were in a common serous cavity, 
that in 77 per cent of the cases the subject w'as a male, and that the con- 
dition is not incompatible with normal life, hawng in only one instance 
been directly responsible for death and having otherwnse possibl}’’ caused 
cardiac symptoms in only three cases 

Unexplained cardiac enlargement may occur (in about half the 
cases), but it is apparentl} not related to the presence or absence of 
adhesions 

The chief danger from the defect lies in exposing the heart to pul- 
monary infection, wuth death in 27 pei cent of the cases, including our 
owm, associated with pleuropencarditis 

Although in no case as yet has the condition been diagnosed ante 
mortem, this should be possible in some instances, on the basis of cer- 
tain criteria adapted from Maude Abbott 

Note — Since the writing of this article an interesting report has 
appeared by E Dahl (Med rev, Bergen 54:312 [July] 1937) of a 
man aged 28 wnth bilateral exudatne pulmonar} tuberculosis in whom 
pneumopericardium appeared and persisted after artificial pneumothorax 
was induced through the left axilla The author stated the opinion that 
this was a case of congenital defect but could not pro\e it was not due to 
the disease or to trauma The diagnostic interest is obvious 
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FOUR LEAD ELECTROCARDIOGRAM IN CASES OF 
RECENT CORONARY OCCLUSION 
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The ^alue of electrocai diogi ams m cases of lecent coionaiy occlusion 
has been definitely established The added value of records obtained 
fiom leads Avith one electiode placed on the chest has recently come 
into piominence Sufficient information has been published ^ to establish 
a fair basis foi then interpretation, and obscuie points aie lapidly 
being clarified 

Accumulated evidence has indicated that the chest lead is often 
of definite assistance m determining the piesence the location and to 
some degree the age of myocaidial infarcts The published lepoits 
of a numbei of cases m which autopsies were peifoimed furnish addi- 
tional eiidence of the accuiacy of these electiocaidiographic mteipie- 

From the Heart Station, Michael Reese Hospital 

Aided b)’’ the A D Nast Fund for Cardiac Study 
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tations, but the significance of some details is still in contioversy Thus, 
some authors have stressed the contoui of the T wave , - others, the 
contour and direction of the QRS complex “ and still others, the 
appearance of the deviation m the ST segment * In the gi eater numbei 
of instances the abnormalities m the piecoidial leads are m accord with 
those in the conventional three leads, hut this is not true of all cases 
The reason for this has not as )'et been clearly established There are a 
number of instances in which the chest lead is characteiistic of infaic- 
tion, but the conventional leads show none of the classic changes ® 
In a smaller group the conventional three leads may show the character- 
istic type of change, but the chest lead may he atypical ® It is therefore 
not surprising that there is some feeling of uncertainty in regard to the 
interpretation of chest leads In the hope that we might he able to 
claiify some of this confusion, we have made a caieful study of the 
four lead electrocardiogram with a laige gioup of patients 

PLAN or THE STUDY 

(a) Selection of Cases — The records of 200 consecutive patients from the 
chanty wards, private pavilion and clinics of Alichael Reese Hospital were studied 
These patients had been referred for electrocardiograms during vears 1934, 1935 
and 1936 The selection was made on the basis of abnormalities in four lead 
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Acute Cardiac Infarction Involving Anterior and Posterior Surfaces of the Left 
Ventricle Electrocardiographic Characteristics, Arch Int Med 56 77 (July) 
1935 (c) Wood, F C , and Wolferth, C C Experimental Coronary Occlusion, 
ibid 51 771 (May) 1933 (d) Bellet, S , and Johnston, C G The Effect of 
Coronary Occlusion upon the Initial Phase of the Ventiicular Complex in Pre- 
cordial Leads, J Clm Investigation 13 725, 1934 

5 Wolferth and Wood^*i Katz and Kissin Wood and Wolferth 

6 Wolferth and Wood’'’ Katz and Kissm” 
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electrocardiograms which were indicatne of icccnf mjocardial infarction Cases in 
which no diagnostic electrocardiographic features were revealed in the initial or 
serial curves were rejected regardless of the clinical picture ]\Iany of the records 
were obtained within a few hours after the clinical attack, and a second record was 
often obtained within from twent 3 '^-four to forty-eight hours These were followed 
in many instances by curves obtained ever}'^ three or four da}s during the first 
two weeks and then every week or every fortnight during the rest of the patient’s 
stay 111 the hospital After leaving the hospital mairv patients returned e\er 3 ' few’’ 
months for follow-up study 


Table 1 — Sev and Age Incidence m Picsent Senes of Two Hwidied Cases 

of Myocai dial Infaiction 



Total Cases, 

Knovn Dead 
(CG7o), 

Autopsies 

(25%), 


Percentage 

Percentage 

Percentage 

Men 

7C 

75 7 

SS 

Women 

24 

24 3 

12 

Age at time of attack 

Under 30 years 

05 

00 

0 

30 to 39 years 

50 

4 5 

0 

40 to 49 years 

21 0 

15 0 

20 

50 to 59 years 

3S5 

30 5 

2S 

GO to 69 years 

29 5 

42 5 

44 

70 to 79 j cars 

50 

00 

4 

80 years or more 

05 

1 5 

4 


Table 2 — Incidence of Moitahfy in the Tzvo Hnndicd Consecutive Cases 

of Coronal y Occlusion 


Typo of Inforction 

- A 



Anterioi 

Posterior 

Combined 

All Tj pes 

Total number of cases 

119 

73 

8 

200 

Pate unknovn, % 

25 0 

29 0 

32 5 

26 0 

Known to be alive, % 

38 0 

48 0 

25 0 

41 0 

Known to be dead % 

37 0 

23 0 

62 5 

33 0 

Died in hospital, % 

25 0 

15 0 

50 0 

22 5 

Autopsy obtained, % 

12 5* 

25 

37 5 

10 0 


* Two cases of coronary sclerosis vitliout infarction 


Six hundred and fifty records w'eie thus obtained In 44 cases only one recoid 
was made, usuallj^ because death cccuned before a second could be obtained In 
the remaining 156 cases the aveiage number of records was four, the least number 
being tw’o and the greatest tw’entj’’ In 32 cases the curves covered only the first 
w’eek of illness, and in 33 only the stay m the hospital , m the other 91 cases there 
w’cre follow-up records Autopsies w’ere obtained m 20 of the 200 cases In 5 
other cases not m the original series autopsj’’ w^as performed wdiile this report w'as 
being prepared Our report therefore includes 25 cases of proved recent myocardial 
infarction in which four lead electi ocardiograms w’ere made (table 3 and figs 
1 to 7, inclusne) For comparison w’e have added 2 cases of recent multiple small 
infarcts and 8 cases of moderately advanced coronary sclerosis w'lthout infarcts 
m all of which autopsy was performed (table 3 and figs 8 to 10, inclusive) 

(6) Cntcna Used in Analyictng the Rccoids — The changes obscr\ed m our 25 
cases in W'hich autopsy w'as performed w'ere correlated wuth the electrocardio- 
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Fig 1 — Electrocardiograms of 8 patients (casts A to H) with proved uncom- 
jilicated infarction of the anterior wall due to a snddcnlv occurring thrombus in the 
left anterior descending coioiiarj arterj The necropsj reports arc summanred m 
table 3 

Cn>-c V. C(i‘e J! Cnsp C Cn'cD 

Attack S/29r'> Attick 4! liXi Attack 'l\S!r> Attack C/JS/’” 

Curve taken S!"0/’'t Curve taken 1/ l/IV Curve taken OiS-O/STj Curve taken C/22/ 'I 

Death s/'']/'’-, Death 4/ O/tj Dentil C/IO/CS Death 7/ 0/ >3 

Care I Cast F Case G Care JI 

\ttock './20/ Vtlatk 2/2tr'> Curve taken Attack 32/IG/'’2 

Curve taken 7/23/"'> Curves taken 2/24/'’'i hefore attack 7i S ”'> Curve taken 12'1C '’2 

Dcatl) 0/23/37 2/27/'’'> \ttaek C/39rc Dentil 32 22/32 

Death 2'2r/"7 f urvf taken C'22/3C 

Death C'24/Cr 



Table 4 — Analysis of Abnoi mahties in Standaid Thiee Leads 
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Tabli: 5 — Analysis of Devtaltons m Lead IV 
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Table 6 — Classification of Types of Cotonaiy Insufficiency 
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graphic changes in cases reported in the literature with autopsy data " In this 
mannei the electrocardiographic criteria for the follow ing tw o groups w ere estab- 
lished (1) recent anterior type of infarct, and (2) recent posterior type of infarct 
These criteria aie based, therefore, on the study of the electrocardiograms m a 
total of 239 cases in w^hich the diagnosis was verified at autopsy In the greatei 
number of cases reported m the literature only the con\entional three leads were 
recorded, but in our own cases and a limited number of the others four lead 
records were made (More exact details of the electrocardiographic cnteiia 
derived by us can be seen m table 6, wdiich ivill be discussed later ) The greater 

7 (o) Heirick, J B Thrombosis of the Coronaiy Arteries, J A M A 72 
387 (Feb 8) 1919 (ft) Smith, F M Electrocardiographic Changes Following 
Occlusion of the Left Coronary Arteiy, Arch Int Med 32 497 (Oct) 1923 (c) 
Kahn, M H The Electrocardiographic Signs of Coronary Thrombosis and 

Aneurysm of the Left Ventricle of the Heart, Boston M & S J 187 '788, 1922 
{d) Clarke, N E , and Smith, F J The Electrocardiogram in Coronary Throm- 
bosis, J Lab & Clin Med 11 1071, 1925 (c) Pardee, H E B Heart Dis- 

ease and Abnoimal Electi ocardiograms, wuth Special Reference to Coronary 
T-Wave, Am J M Sc 169 270, 1925 (/) Barnes, A R The Electrocardio- 

graphic Localization of Myocardial Infarcts, il Clm North America 14 671, 
1930, ig) Q and T T 3 'pes of Electrocardiograms Their Comparative and Com- 
plementary Value in Indicating Occurrence of Acute Myocardial Infarction, Am 
Heart J 9 722, 1934 (h) Barnes, A R , and Whitten, M B Study of the R-T 

Interval in M}'ocardial Infarction, ibid 5 142, 1929 (i) Willius, F A , and 

Barnes, A R Myocardial Infarction An Electrocardiographic Stud}’’, J Lab 
& Clin Med 10 427, 1925 (;) Barnes, A R Con elation of Initial Deflections 

of Ventricular Complex with Situation of Acute Myocardial Infarction, Am 
Heart J 9 728, 1934 (k) Parkinson, John, and Bedford, D E Successive 

Changes m the Electi ocardiogram After Cardiac Infarction, Heart 14 195, 1928 
(/) Levine, Samuel A , and Brown, C L Coronary Thrombosis Its Various 
Clinical Features, Medicine 8 245, 1929 (m) Stewart, H J The Relation of 

Clinical, Including Electi ocardiographic. Phenomena to Occlusion of the Coronary 
Arteries Based on the Observation of a Case, Am Heart J 4 393, 1929 (n) 

Gilchrist, A R , and Ritchie, W T The Ventricular Complexes in Myocardial 
Infarction and Fibrosis, Quart J Med 23 273, 1930 (o) Nathanson, M D 

Electrocardiogram in Coronary Disease, Am Heart J 5 257, 1930 (p) Cooksey, 

W D , and Freund, H A Serial Electrocardiographic Studies in Coronary 
Thrombosis, ibid 6 608, 1931 (q) Fenichel, N , and Kugell, V The Large 

Q-Wave of the Electrocardiogram A Correlation with Pathological Obser- 
vations, ibid 7 235, 1932 (i) Winternitz, M The Initial Complex of the Elec- 
ti ocardiogram After Infarction of the Human Heart, ibid 9 616, 1934 (j) 

France, R The Large Q-V'^ave in Lead III of the Electrocardiogram, Am J 
M Sc 187 16, 1934 (f) White, Paul D Electrocardiographic Evidence of 

Recent Coronary Thrombosis Superimposed on Bundle-Branch Block Resulting 
from Previous Coronary Disease, Am Heart J 10 260, 1934 (h) Appelbaum, 

E , and Nicolson, G H B Occlusive Disease of the Coronary Arteries, ibid 10 
662, 1935 (v) Saphir, O , Priest, W S , Hamburger, W W , and PCatz, L N 

Coronary Arteriosclerosis, Coronary Thrombosis and the Resulting Myocardial 
Qianges, ibid 10 567, 1935 (za) Jer\ell, Anton Elektrokardiographische 
Befunde bei Herzmfarkt, Acta med Scandina\ , supp 68, 1935, p 1 Wilson and 
others Hoffman and Delong Wolferth, Wood and Bellet 
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number of the 200 cases of our senes were therefore fitted into one of these two 
groups according to the evidence afforded by the four lead electrocardiograms A 
small number of cases were placed in a group designated as instances of combined 
anterior and posterior infarcts (one of the infarcts being recent) The basis for 
this third classification was either autopsy evidence of a combination of infarcts 
or, when autopsy was not performed, conclusive evidence in serial records of sud- 
den coronary closure on two or more distinct occasions, with infarction in two 
regions 

(c) Method of Analysis — The frequency of the various abnormalities in each of 
the four leads was determined for the foregoing groups For purposes of com- 
parison the cases were divided into three series series A, consisting of the entire 
200 consecutive cases , series B, consisting of the cases in which death was known 
to have occurred, and series C, consisting of the cases in which the diagnosis was 
verified at autopsy 

THE MANNER IN WHICH THE CHEST LEADS WERE TAKEN 

There is still considerable confusion concerning the manner in which 
the chest lead should be taken, as regards (1) the size of the chest 
electrode, (2) the placement of the chest and distant electrodes^ (3) 
the manner of connecting the electrodes to the galvanometer and (4) the 
manner of designating the lead 

Fortunately, many of these points have been clarified by experience 
Thus It IS almost universally agreed that the right arm terminal should 
be connected to the chest electrode and the left leg terminal to the dis- 
tant electrode, a method which we have used consistently and which 
we urge as a universal practice There is no logical leason for mak- 
ing the reverse connection, recently urged, since the connections are 
purely a matter of convention 

Although Wolf erth and W ood originally placed the distant elec- 
trode on the posterior part of the chest, they found that the variations 
in the contour of the chest lead are but little affected by a change m 
position of the distant electrode, so long as this is not brought too close 
to the heart This is confirmed by our own experience and that of 
others The electrode nearest the heait dominates the curve For 
convenience we have used the left leg electrode as the distant electrode 
m our work We see no theoietical advantage and some practical dis- 
advantages in the use of the special distant electrode suggested by 
W ilson and his colleagues ® 

The location of the chest electrode is of considerable importance 
A small shift in its position will alter the record considerably Hence, 

8 Wilson, F N , Johnston, F D , and Hill, I G W The Interpretation 
of the Galvanometnc Curves Obtained When One Electrode Is Distant from the 
Heart and the Other Near or in Contact with the Ventricular Surface I Obser- 
vations on the Cold Blooded Heart, Am Heart J 10 163, 1934, II Observations 
on the Alammalian Heart, ibid 10 176, 1934 
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a fixed position with lespect to some bon} stiucture seems desiiable 
to insuie consistency wdien successne recoids aie taken We lia\e not 
found it satisfactory to place the chest electrode over the apex of the 
heait, as is done in some clinics The apex is not a fixed point in 
1 elation to the chest oi to the parts of the heart It may alter its location 
considerably from time to time even m the same patient and it cannot 
ahvays be accinately detei mined The vai lability m these factors makes 



Fig 2 — Electrocardiograms of 4 patients (cases A to D) with pro\ed infarc- 
tion of the anterior wall due to slowlj occluding or narrowing sclerotic plaques 
in the left anterior descending coronary artery associated w'lth sclerotic changes 
in the right coronarj artere The necropsj reports are summarized in table 3 


Cnse A 

Curve tnXen 
before attack lO/Ji/T) 
Attack 12/15/35 

Cur\cs taken 12/1S/35 
12/20/ >5 

Death 


Case B 

Attack 4/25/33 

Cun e taken 5/3l/'’3 
Dentil 0/ 2/33 


Case C 

Attack 11/ 1/34 

Cline taken 12/21/. 4 
Dentil l/lG/35 


Ca=eD 

Att ick S/27/32 

Clines t ikcn '*/ 1/ 2 
1 / 12 / 2 

Deitll 1/10/2 


this t}pe of chest lead occasional!} confusing After considerable 
expel imentation we haAe found that foi the Aast majorit\ of patients 
the most faAOiable application of the chest electrode is just to the left 
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of the sternal margin m the fouith intei costal space This single chest 
contact is in oui experience by fai the most informative Chest leads 
taken m this manner are faiily unifoim foi normal adults In cases 
of coionaiy disease this chest lead is particularly useful, since it depicts 
the events in an area of the heart which is sometimes not recorded 
in the conventional three leads This site on the chest is free from 
intei veiling lung and has three sides marked by bony structures We 
have investigated various sites on the chest in many of our cases and 
have found that onl}'^ occasionall)'^ m instances of posterior infarction 
will changes be detectable with the electrode in the left anterior axillaiy 
line and not demonstrable with the electrode in the left parasternal 
position 

Within reasonable limits the size of the chest electrode makes little 
difference For technical simplicity we have used the same electrodes 
for the chest as those employed for the extremities by 2J4 inches 
[3 8 by 6 4 cm ] ) 

A great deal of confusion at present exists because of differences 
m nomenclature We believe it will simplify matters if the term lead 
IV IS restricted to a lead connecting the chest with a distant electrode 
This should be amplified by describing the location of the chest electrode 
Thus, we describe our lead IV as follows lead IV (fourth interspace, 
left pai asternal line — ^left leg) 

RESULTS 

(o) Incidence and Mortality — In oui series there were over three 
times as many men as women (table 1) This greater frequency m men 
IS in accord with the findings reported by others® The mortality rate 
was about the same for each sex 

The average age at which the attacks occurred was 55 years for 
OUI entire series of patients and but little more for those that died 
(57 years) The scatter of the age incidence was wide (table 1), but 
the greater number of attacks occurred in the fifth decade This is 
also in close agreement with the findings of others’^® Death occurred 
more often in the sixth decade 

9 (a) Le-\'y, H, and Boas, E P Coronary Aiterj’- Disease in Women, 
JAMA 107 97 (July 11) 1936 (b) Conner, Lewis A, and Holt, E The 
Subsequent Course and Prognosis in Coronary Thrombosis, Am Heart J 5 705, 
1930 (c) Polanco, Mario The Relation of Coronary Sclerosis to Symptoms 

and Its Distribution in Two Hundred and Forty-Two Fatal Cases, Am J M Sc 
192 840, 1936 (d) Levine and Brown 

10 (a) Barnes, A R , and Ball, R G The Incidence and Situation of Myo- 
cardial Infarction in One Thousand Consecutn e Postmortem Examinations, Am J 
Ivl Sc 183 215, 1932 (b) Mullins, W L Age Incidence and Mortality in 

Coronar}' Occlusion, PennsjUania M J 39 322, 1936 (c) Levine and Brown 

Appelbaum and Nicolson"" Conner and Holt®t) Polanco 
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The data i^ei taming to mortalit}’’ have been assembled m table 2 
It IS significant that the knovn moitalit}'' is highest m cases of combined 
anterioi and posterior infarctions, since it has already been established 
that death is moie fiequent after a second oi third closure The 
moitality is highei during the fiist few weeks aftei the attack than 
latci Dela}ed death was fiequently associated with anothei attack 
(&) Detailed Repoit of the Casei w IVhich Recent Infaiction JVai 
Shown at Autopsy — Theie have been so few lepoits of cases of lecent 
mfaiction in vhich the diagnosis \\as -lerified at autopsy and m which 



Fig 3 — Electrocaidiograms of 3 patients (cases A to C) with proved infarc- 
tion of the antciior vail due to slowlj’- occluding or narroving sclerotic plaques in 
the left anterior descending coronarj artery associated vith sclerotic changes in 
the right coionaiy aiten The necropsy leports arc suniinanrcd m tabic 3 


Case A 


CnscB 


Case C 


Attack le/SO/ot 

Cun 0 taken 1/ 3/35 
Deatli 1/23/35 


Attack 2/21/SG 

Cur^c taken 2/25/SG 
Heath of S/SG 


Cur\c tal on before attack 5/ V/SG 
Attack 5/23/30 

'^une taken 5/31/SG 

Dentil 5/31/30 


foul lead electiocaidiogiams weie made that the details of these 25 
cases aie placed on lecoid The necropsy data based on the leport of 

11 (a) IMastcr, A M Taffe H L and Dack S Multiple Attacks of Coro- 
nar\ Arterv Thrombosis A.ni Heart J 12 244 (Aug 1 1936 (b) Wilson and 

others Goldbloom 
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Di O Sapliir, of the depaitinent of patholog}, weie analyzed and are 
shown m table 3, and the electrocardiographic recoids are shown m 
figures 1 to 7 These 25 cases include 15 cases of recent anterior infarc- 
tion (figs 1 to 3), 4 cases of lecent posterioi infaiction (fig 4) and 6 
cases of combined anterior and posterior infarctions, one of the infaicts 
being recent (figs 5 to 7) 

(c) Frequency of Types — As table 4 shows, recent anteiioi infarc- 
tion occurred more often than either of the other two types, both in the 
entire series of 200 cases and in the 25 cases in which autopsy was per- 
formed The greater incidence of the anterior type is in accord with 
that shown in other reports This study sho^^s further that infarcts 
are more correctl}’’ localized when all four leads are analyzed than when 
the analysis is confined to conventional leads, since the incidence of 
anterior and of posterior infarct based on four lead electrocardiograms 
correponds much more closely rvith postmortem reports than the inci- 
dence based on three lead electrocardiograms The smaller number of 
lecent posterior infarcts in the series of cases m which autopsy Mas 
performed as compared with the greater number of this type in the 
entire series is in accord with the prevailing opinion that for posterior 
infarcts the mortality rate is lower than for anterior infarcts 

The combined infarction was the least common variety, but in the 
senes of cases in which autopsy was performed it was six times more 
frequent than in the entire series (table 4) In part this difference in 
frequency is an indication that the lesions giving rise to two mfaicts are 
more apt to be fatal than those causing single infarcts This is in 
accord with past experience In part the difference may be due to the 
occasional difficulty of establishing a correct diagnosis from the electro- 
cardiograms We classified cases in which autopsy was not performed 
as belonging in this group only -when serial curves demonstrated both 
occlusions (fig W A and B) Since in the cases of combined infarcts 
demonstrated at autopsy the most recent infarct dominated the final 
electrocardiographic curve (figs 5 and 6B), it is probable that in a 
number of cases in which autopsy was not done and in udiich there was 
more than one infarct either the condition was classed as a single anterior 
or posterior infarct or the case was rejected from the senes because the 
diagnosis vas not established This is a possible source of error in the 
interpretation of single electiocaidiogiams 

12 (a) Sprague, Howard B , and Orgain Edward S Electrocardiographic 

Studv of Cases of Coronary Occlusion Proied at Autopsv at the Massachusetts 
General Hospital (1914-1934), New England J Med 212 903, 1935 (h) Lenne 

and Brown Appelbaum and Nicolson "" Barnes and Ball Mullins 

13 Conner and Holt blaster, Jaffee and Back m Sprague and Orgain i-'* 
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(d) The Relative Value of the Di^eient Leads in the Diagnosis of 
Recent Infaiction — In 64 per cent of the entire senes of 200 cases the 
electrocaicliograms showed characteristic changes in all four leads in 
32 5 per cent there were one oi more leads in w Inch the changes w ei e 
not t}pical, and in 3 5 pei cent there w^as a single recoid which though 
abnormal was not chaiacteiistic, the diagnosis being based on the change 



Fig 4 — Electrocardiograms of 3 patients (cases A to C) with infarction of 
the posterior w'all due to a thrombus in the circumflex branch of the right coronary 
artery Also electrocardiograms of a patient (case D) with pro%ed infarction of 
the posterior wall with septal extension due to sclerotic in\ohement of both 
coronar} arteries The necropsj reports arc summarized in table 3 

Case -V. Case B Case C Case D 

\UacV 5/ 4/"iG Vttack 7/12/".’ attack 4/ 1/3'. Cunc taken 

Curve taken j) 61% Cun es taken S/ 3/32 Curve taken 4 / a/r; before attack 2/1/33 

Death 3/ 8/30 8/21/32 Death 7,1 '.3 tttack 11/17/35 

1/24/33 Cun ec taken 11/22/35 

2(1 nttaek 1/24/33 11/25/35 

Death 10/ l/k3 Death 11/27/35 
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observed in the seiial curves In 16 pei cent of the cases in which 
autopsy was pei formed the electrocai diogram was not characteiistic (in 
all these cases only one recoid was made [figs 1 to 7 , inclusive] ) This 
indicates that we piobably failed to recognize instances of recent mfaic- 
tion when only one record was taken 

In 26 per cent of the 200 cases the conventional leads were not char- 
acteristic in single or in serial curves, the diagnosis being based primarily 
on the changes in lead IV In only 6 5 per cent were the conventional 
leads characteristic and lead IV without characteristic changes The 
fact that more than a fourth of all the cases might have been ovei looked 
(even in a study of serial curves) if the diagnosis had depended only 
on the standard three leads shows the value of lead IV and points to the 
need of taking this lead m all cases of suspected recent infarction This 
IS particularly true of cases of anterior infarctions, lead IV having 
established the diagnosis in 30 3 per cent of these instances in our series 
Furthermore, lead IV was often of great value m confirming the diag- 
nosis in instances of combined anteiior and posterior infarctions How- 
ever, lead IV did not establish the diagnosis m 2 5 per cent of the cases 
of anterior infarction and in 12 3 per cent of the cases of posterioi 
infarction In cases of posterior infarction lead III was frequently the 
lead which determined the diagnosis eaily 

14 On the other hand, we noted 1 case m vhich autopsy failed to show infarc- 
tion and in which infarction was indicated clinically and electrocardiographically 
two years before death (fig 10 C) This patient at autopsy showed only nar- 
rowing of both coronary arteries, but no occlusion or myocardial infarction could 
be seen Whether we were dealing with disseminated small infarcts (Buchner, F , 
Weber, A, and Haager, B Koronai infarkt uiid Koronarinsuffizienz, Leipzig, 
Georg Thieme, 1935 Buchner, F , and von Lucadou, W Electrocardiographische 
Veranderungen und dissemimerte Nekrosen des Herzmuskels bei experimentellen 
Coronannsuffizienz, Beitr z path Anat u z allg Path 93 168, 1934) is problem- 
atic Small multiple infarcts do occur (viz , cases illustrated m figure 8 A and B) 
When they heal, the scais which form, it seems to us, would be difficult to dis- 
tinguish post mortem from fibrosis which gradually develops without infarction, 
3 "et the electrocardiogram would show the localized ischemia (Fed, H S , Katz, 
L N , Moore, R A , and Scott, R W The Electrocardiographic Changes in 

Myocardial Ischemia, Am Heart J 6 522, 1931 Katz, L N , and Wallace, A 
W The Role of Cardiac Ischemia in Producing R-T Deviations in the Electro- 
cardiogram, Am J M Sc 181 836, 1931 Kountz, W B , and Hammonda, M 
The Effect of Asphyxia and of Anoxemia on the Electrocardiogram, Am Heart 
J 8 259, 1932 Rothschild, M A , and Kissin, M Induced General Anoxemia 
Causing R-T Deviation m the Electrocardiogram, ibid 8 745, 1932) and would 
have a time course similar to that in cases of confluent infarction We have noted 
another case m which there were suggestive changes but coronar}’- involvement 
was not observed at autopsy Here the changes seen in the electrocardiogram 
(fig 8 C) were probably associated with the moribund condition of the patient at 
the time the records were taken 
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Digitalis in laige doses tends to modif} the foim of the electro- 
cardiogram/® but in only 9 per cent of our series of 200 cases was 
digitalis given, usually in too small quantities to intei fei e with the elec- 
trocardiographic inteipretation In fact, it vas found that in only 1 ca^^e 
had large quantities of digitalis been gnen ^\lth lesulting confusion 
(fig IH) 

Intraventricular block was another disturbing element m the evalua- 
tion of the electi ocaidiographic changes,’® as was also the effect of old. 
long-standing coronary insufficienc}'- In these instances seiial cuives 
are of great value Pencaidial involvement also may distoit the elec- 



Fig 5 — Electrocardiograms of a patient with pro\ed old infarction of the 
posterior wall and recent infarction of the anterior wall The necropsy reports are 
summarized in table 3 


Pirst attacl. 
Curves taken 


7/20/G2 Seeond attack 12/ 8/33 
8/ 3/C2 Curves taken 12/ 9/33 
S/27/32 12/20/33 
9/19/32 Death 12/23/33 


15 DeGraff, A C, and Wible, C L Production by Digitalis of T-Wa\e 
Changes Similar to Those of Coronary Occlusion, Proc Soc E\pcr Biol & Med 
24 1, 1926 Brams, W A , and Gabcrman, P The Effect of Digitalis on the 
T-Wave of the Electrocardiogram An Experimental Stud\ in Human Beings, 
Am Heart J 6 804, 1931 Strauss, H , and Katz, L X Effect ct Digitalis on 
the Appearance of Lead IV, ibid 10 204, 1935 

16 Salcedo-Salgar, Jorge, and White, Paul D The Relationship of Heart- 
Block, Auriculo\entricular and Intra\entricular, to Clinical Manifestations of Coro- 
nary Disease, Angina Pectoris and Coronart Thrombosis, \m Heart J 10 1067, 
1935 Ball, Datid The Occurrence of Heart-Block in Cc ionar\ A.rtcrt Throm- 
bosis, ibid 8 327, 1932 White • t 
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tiocardiogiam Pulmonai}^ embolism also caused difficulties, and wc 
have lecently observed 2 cases m which the electiocarchogiaphic distoi- 
tion was due to nonpenetratmg thoiacic tiauma The pioblem of dif- 
ferentiating cardiac insufificiencj^ on the basis of advanced coronary 
sclerosis from abrupt coronary closure was met with a number of times 
and was not always easy to solve Again we have found, as we pointed 
out m a previous communication,^'' that in a case of chronic coronary 
insufficiency a single record may show a picture (fig 10 A) similar to 
that seen in cases of abrupt coionary closure, serial curves, however, 
will fail to show' the regression indicative of healing seen after an 
infarct develops 

(e) Abiioi inahties in Standaid Thee Leads m Cases of Recent 
Injai chon — Our analysis of these changes are summarized in table 4 
and are illustrated by serial curves m figures 12 A, 13, 14 and 17 and 
b}'^ the curves for the cases m which autopsy was performed (figs 1 to 
7) The following points merit emphasis 

1 Abnoimahties of rhythm occurred occasionally, esiiecially in cases 
of the anterior type of infarct (figs 1 H , 2 A, curve 3, and 2 C) 

2 Intraventricular block occurred especially in cases of combined 
infarcts (figs 6 A and B and 7 C) It was observed also in 3 cases of 
anterior infarction in which autopsy was performed (figs 1 F and G and 
2D) Thus while septal infarction occurred in 64 per cent of all cases 
m which autopsy w'as performed (table 3), electrocardiographic evidence 
of intraventricular block occuired in only 40 per cent of these same 
cases However, septal infarcts do not always lead to intraventricular 
block, as shown by our group of cases in which autopsy was performed, 
especially those in which the condition involved only the apex or the 
lowest third of the septum In the present series there was 1 case of 
intiaventnculai block ivithout septal infarction (fig 6 5), probably on 
the basis Of old coronary scleiosis Intraventricular block often masks 
the features of the electi ocardiogi am commonly seen with infarction 
(figs 1 F, curve 2, and 2D) Often, despite the block, changes occui 
W'hich indicate an occlusion, especially when serial curves are obtained 
At all events, a succession of changes or the presence of transitory block 
is to be view'ed as suggestive 

17 Scott, R W , Fell, H S, and Katz, L N Electrocardiogram in Peii- 
cardial Effusion I Clinical, Am Heart J 5 68, 1929 Katz, L N , Fed, H S , 
and Scott, R W Electrocaidiogram m Pericardial Effusion II Experimental, 
ibid 5 78, 1929 Barnes, A R Electrocardiographic Pattern Observed Follow- 
ing Coronary Occlusion Complicated by Pericaiditis, ibid 9 734, 1934 
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3 Low “voltage” m tlic conventional leads was a fiequcnl finding 
esi^ecially wnth lecent anteiior infaicts,’® and was not usunlh associ.itcd 
wnth low voltage in lead TV (figs \A io D, G, II, 2B and D and 
3 C) At times tins low voltage w^as transitoi} 

4 Slurring oi notching of Ql^S oectiiied in almost .dl cases 



Fig 6 — Electrocardiogram of a patient (case A) woth proved old infaictioa 
of the anterior wall and recent infaiction of the posterior wall and electrocardio- 
grams of a patient (case 13) with proved old infaiction of the anterior wall and 
more recent infarction of the posterior wall (about two months old at the time oi 
death) The necropsj icports aic smnman-'ed in table 3 


Cni-c V 

Vttiick Zliorc, 

Curve tiikcn 2/2()/ C> 

Dentil 2I2GI 'G 


I irst attack 
Curve taken 
Rccoml attack 
Curve*- taken 
Dc itli 


Ca'-e 1’ 

1/ I G 
2 / 0 / S 

717 0 

nAi ,2-')/ .G, t/i'j/ ,0 
4/27/CG 


18 Stciier, L G The Elect rrcaidiogram of 1 ow \T)ltage \ Report of 
Eiftv Aiitopsied Cases, Am Heart T 9 40s 1934 
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5 Left axis shift occuired with all t3^pes, but the marked deviation 
associated with preponderance of the left ventiicle was more common 
with posterior infarction (table 4) On occasion this was transitory 

6 Right axis shift was infrequent and in our series occurred only 
with anterior infaiction On occasion it was transitoiy 



Fig 7 — Electrocardiograms of 2 patients (cases A and B) with proved old 
infarction of the posterior wall, with more recent infarction of the anterior wall, 
the latter due in both cases to the occurrence of thrombi in the left anterior 
descending coronary artery a few months before death The third electrocardio- 
gram is that of a patient (case C) with proved old infarction of the anterior wall 
due to an occluding plaque in the left anterior descending coronary artery and an 
old and more recent infarction of the posterior wall due to old narrowing and a 
recent thrombus in the right coronary artery In all 3 cases theie were aneurysms 
in the infarcted areas The necropsy reports are summarized in table 3 



Case A 

Case B 


Case C 


Attaci. 

2/ 7/36 

Attacl,s of pam for two 5 ears 

Attacks of nain for several vears 

Curves taken 3/ 5/36 

Last attack 

10/19/32 

Last attack 

1/18/34 


3/11/36 

Curve taken 

10/25/32 

Curve taken 

1/19/34 


4/ 9/36 
4/27/36 

Death 

10/31/32 

Death 

1/20/34 


5/ 5/36 





Death 

5/ 8/36 





19 

Bartels, E C , 

and Smith, H L 

Gross 

Cardiac Hypertrophy 

in Myo- 


cardial Infarction, Am J IM Sc 184 453, 1932 



BOHNING-KA 7 Z— CORONARY OCCLbSION 


261 


/ Deviations in the ST segment were not always characteristic 
With anteiioi infarction the classic change is said to be an elevated ST 
segment in lead I (fig 15) In our series depression of the ST seg- 
ment in lead I was moie than twice as common as elevation of this 
segment wnth anterior infaiction (senes A, table 4) In 6 of the S 
cases in which autopsy was performed lecent antenor infarctions due to 
thiombotic closure had an elevated STj (fig \ A to D, F and O'), wliilt 
those due to closuies resulting fiom sclerotic plaques did not show any 
elevation of ST In fact, in 5 of 7 of the lattei cases ST^ was depressed 
(figs 2A,B and D, and ZA and B, table 4, senes C) In the entire 
senes of cases of postenoi infarction the classic pictuie of depiession 
of STi Avas common (table 4, series A) and occuned in eveiy case in 
which autopsy was peifoimed (fig 4 A to D) , an elevated STj occuned 
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- ^ * L j J ^ ^ I*' - ' J ^1' . I “** 


B 


' 1 


( L'/'* 

Ij ^ J ^ 


WtW* 


Fig 8 — Electrocardiograms of 2 patients (cases A and B) with multiple small 
infarctions Both coronary arteries had sclerotic plaques Necropsy reports ,iic 
summarized m table 3 In case C autops}' showed no infaiction or coronary 
ln^ohcment even on microscopic examination, so the electrocardiographic changes 
may be explained as probably due to terminal ischemia of the myocardium of a 
dying patient 

Case A Case B Case O 


Repeated attacks of pain for fifteen 
raontlis 

Severe attack n/Sl/Sj 

Cur\otaken 1/ 7/SG 

Death (pulmonary emboh=in) 1/10/30 


VaRuc cardiac pain for 
several years 
Severe attack 12/ 3/‘^4 
Curve taken 12/ 4/34 
Death 12/13/3-1 


Prostatectomy 11/2S/33 
Curve taken 12/15/3) 

Death 12/IS/33 


in only 5 5 per cent of the cntiie senes of cases of postenoi infaiction 
Of the 6 cases of combined infarcts in which autops} ivas pei formed, the 
STi segment was depiessed in 4 (figs 6 A and B and 7B and C) and 
ivas unchanged m the othei 2 (figs 5 and 7 A) The changes m the ST 
segment m lead II weie extiemeh’’ lariable The classic picture of de- 
lation of ST in lead III with postenoi infarction was common in the 
entile series (table 4, senes A) and occurred in all the cases of this type 
of infarction in wdiich autopsi' was performed (fig 4 A to D) How- 
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evei, in 6 8 per cent of the cases of posteiioi infarction in the entire 
series the ST segment in lead III nas depiessed (table 4, series A) 
With the combined type theie was elevation of STo m 2 cases in nhich 
autopsy nas peifoimed (figs 6 B and 7 C) These were cases in which 
a moie recent posterior infaict was due to a thrombus in the light 
coionaiy artery The classic picture of depression of the ST segment 
in lead III with anteiior infarction occuiied in onl} 26 9 per cent of the 
entile series, and in an almost equal number (25 2 per cent) the ST 
segment was elevated in this lead (table 4, senes A) The series of cases 
in which autopsy was performed demonstrate that the elevation of ST^ 



Fig 9 — Electi ocardiograms of 5 patients (cases A to E) with pic\ed coronarj 
scleiosis without infarction The necropsy reports are summarized in table 3 


Case \ 


Case E 


Case C 

Attaclv 

11/ 5/35 

Operation 

9/ 7/35 

Herniotomr 

Cune taLen 

11/21/3) 

Cur\c taken 

9/10/35 

Cui\e taken 

Death 

11/24/33 

Death 

9/1S/S5 

Death 


Case D 



Case E 

Cholecjstectomy 


7/ 9/35 

Cur\e taken 


Sei ere pam 


8/23/35 

Death (perforated duodenal ulcer) 

Cun e tal-en 


9/10/35 



Death 


9/16/35 




2/ 6/35 
2/13/35 
2/22/35 


2/24/34 
4/ 9/36 


With anterior infarction w^as noted when closuie was due to scleiotic 
plaques, ivith involvement of both the right and the left coionaiy aiterv 
(figs 2 jD and 3 A) In both cases there was intrai enti iculai block 
It ma} therefoie be concluded fiom the analysis of cases in wdnch 
the diagnosis w'as leiified at autopsy that (1) the changes obseiied 



B0HN1NG~K 1 1 Z— CORONARY OCCL b SIO Y 


263 


in the ST segment fit the classic picture closeh in ca'^es of lecent 
anterior or posteiioi infaiction due to thiombotic closure and tliat 
(2) the deviations obser\ed in the ST segment aie \anable m cases 
in which autopsy shows lecent anteiioi infaiction due to closuie caused 
by scleiotic plaques Appaientl} the ^arlabIIlty m the changes in tlie 
ST segment with lecent anterior infarction due to closuie caused by 
sclerotic plaques is to be attiibuted to an insufficient coionary blood 


I 


I 


I 


ff 




I I t 


A 


- 






1 ' 


~-r4j 





Fig 10 — Electrocardiograms of 3 patients (cases A to C) with pro\cd coronary 
sclerosis without infarction, resembling electrocardiograms of patients with infarc- 
tion of the anterior wall The necropsy reports are summari7cd in table 3 Case 
C IS particular!}' interesting, since the clinical course in 1934 also indicated 
infarction 


Case A 


Case D 


Case C 

Cunce tnXon 

G/2G/3'> 

ProstatcctoiTij 

11/2G/35 

Cun es taken 2/3/31 


7/ 1/35 

Pain m left side of chest 

12/ 7/35 

2/10/31 


7/29/35 

Cun e taken 

12/27/35 

2/2 ./CJ 

Death (malignant 
nephrosclerosis) 

S/ 2/35 

Death (pulinomrj enibohsin) 12/30/35 

Cceostonn j 1/3C 

Death M ./% 


suppl} to the posteiior wall of the left side of the heart consequent 
on the diltuse coronar} sclerosis in these cases In the cases of closure 
due to sclerotic plaques the autops\ reports showed that the coronaiv 
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sclerosis was more extensive than in the cases of thrombotic closure 
and that the occluding plaques were often piesent in moie than one 
artery (table 3) 

The deviation of the ST segment in the classic picture is opposite 
in direction to that of the T wave This deviation of the ST segment is 
often associated with bowing which points away fioni the peak of the T 
wave According to the findings in cases m which autopsy was pei- 
formed, this bowing appears in the earliest stages of the infarcts which 
are due to thrombosis but quickly disappears With lecent anterioi 
infarction this bowing is up in lead I and down in lead III , with recent 
postenor infarction it is just the reverse (fig 15) While the majority 
of the deviations in the ST segment tend to fit this picture, exceptions do 
occur, especially in cases of recent anterioi infarct due to closuie caused 
by sclerotic plaques We have found further that, as has been shown 
m animal experiments,-® the ST segment may be depressed in all thiee 
leads (fig 2 A, curve 2) but is rarely elevated in all 

8 The coronary T wave, which may be positive oi negative, as we 
have pointed out elsewheie,-’- is characterized by symmetiical limbs, 
rounded shoulders and a sharp peak,’’® which may be associated with 
bowing and deviation of the ST segment in a diiection opposite to that 
of the T wave With recent anterior infarction the classic picture is 
a negative T wave in lead I and a positive T wave in lead III , with 
recent posterior infarction the direction of T m these leads is the reverse 
The dominant T wave is found to occui duiing healing in the infarcted 
area 

A negative T^ occuned in the majority of cases of lecent anteiioi 
infaicts (table 4, series A) , however, in appi oximately a fourth of 
these cases T^ was upright®^ A negative T^ occuned only larely with 
recent posterior infarction A negative Tj occuned in most instances 
of recent posterior infarction and was seen in eveiy case in which the 

20 Korey, H , and Katz, L N The Electrocardiographic Changes Pi oduced 
by Injuries of Various Parts of the Ventricles, Am J M Sc 188 387, 1934 
Smith, F M The Ligation of Coronary Arteries with Electrocardiographic 
Study, Arch Int Med 22 8 (July) 1918 Crawford, J H , Roberts, G H , 
Abramson, D I, and Cardwell, J C Localization of Experimental Ventiiculai 
Myocardial Lesions by the Electrocardiogram, Am Heart J 7 627 1932 
DeWaart, A , Storm, C J , and Koumans, A K J Ligation of the Coronary 
Arteries in Javanese Monkeys, ibid 11 676, 1936 Abramson, D I , Shookhoff, 
C , and Fenischel, N M Study of Variations of RS-T Segment in Experimental 
Ventricular Trauma, ibid 12 174, 1936 Wood and Wolferth 

21 Bohning, A , and Katz, L N Unusual Changes in the Electrocardiogram 
of Patients with Recent Coronary Occlusion, Am J M Sc 186 39, 1933 

22 In these instances lead IV was the characteristic feature (figs 12 B and 
16^) 
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lesion was present at autops}^ (fig 4) In approximate!} a sixth of 
the entire series of cases of recent posterior infarction, T-, ^^as upiight 
A negative T 3 occurred in 9 2 per cent of the cases of recent anterior 
infarction (table 4, series A) In the cases in which this lesion was 
present at autops}, a negative T 3 occuned in onh some of those in 
wdiich the infarct w^as due to closure caused by sclerotic plaques (fig 
3 A to C), and it w'as not a t}pical coionar} T wa\e A negative 
w^as more often present wnth a negatne T 3 than wnth a negatne T, 



Fig 11 — Electrocardiograms of a patient (case A) with case of combined 
infarction suggesting an old infarction of the posterior w all and more recent infarc- 
tion of the anterior w^all and electrocardiogiams of a patient (case B) with com- 
bined infarction suggesting an old infarction of the anterior wall and a more recent 
infarction of tlie posterior w'all 


Case A 


Tirst attack 2/ 1/34 

Curve taken 3/ S/34 

Second attack 5/1/35 

Curves taken 5/15/35 

1/ 2/SC 

-■Vlive 0/ 1/3G 


Case B 


First attack 

3/12/20 

Curve taken 

4/ 9/29 

Second attack 

12/15/32 

Curves taken 

12/10/32 


12/29/32 


1/20/ u3 


Coronary T waies were moie fiequenth seen when the waies were 
negatne than when they were positne but the reieise was true m 
seieral instances (figs 4 A and B, 5 and 12 5) The changes m the 
T waie tended to conform with the classic pictuie. although exceptions 
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weie not unusual, especially with anteiior infaiction due to closure 
caused by scleiotic plaques A negative coionaiy T wave in all three 
leads did occur (fig 14), but a positive coronary T uave in all tliiee 
leads was rarely found 

9 The classic concept?** in legaid to the Q wave (the teim applied 
to the first negative phase of a diphasic QRS complex which is a fouith 
01 more of the height of the major upright phase) and the S wave (a 
diphasic QRS complex with a negative second phase) was not con- 
fiimed in oui series 

In oui cases in -which autopsy was pei formed the classic Qj 
occuried with lecent anteiior infarction due to thiombotic closuie 
(fig 1), but not in that due to closure with sclerotic plaques (figs 2 
and 3) A did not occui in cases of lecent posterioi infaiction 

(fig 4) 

In our cases in which autopsy was perfoimed the classic Qg occuried 
in all instances of lecent posterior infarction (fig 4), but it occurred 
also m 3 instances of lecent anteiior infaiction due to thiombotic 
closure (fig \ C, D and H) A Qg was also present in 3 cases of 
combined infarction shown at autopsy (figs 5, 6 B and 7 C) A Q 
w*ave was found in all thiee leads on occasion (fig \ \ B) 

The diagnostic value of Qj in the localization of infarcts is thus 
piactically ml, and it is doubtful whether is of greater value in this 
regal d Statistical studies have shown that Qo is found with a vaiiety 
of types of chronic myocardial involvement other than infarction 
The weight of evidence seems to show that Q, indicates disease of the 
left ventricle, whether or not accompanied with recent (oi old) infaic- 
tion No significance could be attached to the occurience of and S, 
in OUI series, except that Sg nevei occurred in any cases m which recent 

23 Bland, E F , and White, P D The Clinical Significance of Complete 
Inveision of Lead III in the Human Electrocardiogram, Am Heart J 6 333, 
1931 Kossman, C E , Shearer, M, and Texon, M Initial Ventricular Deflec- 
tion 111 Electrocardiogram of Normal Subjects, ibid 11 346, 1936 Willius, F A 
Occurrence and Significance of Electrocardiograms Displaying Large Q-Wave in 
Lead III, ibid 6 723, 1931 Edeiken, J , and Wolferth, C C Significance of 
Deep Q in Lead HI, ibid 7 695, 1932 

24 Pardee, H E B The Significance of an Electrocardiogram with a Large 
Q in Lead III, Arch Int Med 46 470 (Sept ) 1930 Goldbloom, A A , and 
Kromer, M L The Clinical Significance of the Deep Q-Wa-ve m Lead III, 
M Clin North America 15 1345, 1932 Wallace, A W The Q-Wave in the 
Electrocardiogram, Am J M Sc 187 498, 1934 Feldman, L The Initial 
Ventricular Complex of the Electrocardiogram m Coronary Thrombosis, Ann 
Int Aled 9 1714, 1936 Strauss, Sidney and Feldman, L The Significance of 
Deep Q and Lead III, Am J M Sc 185 87, 1933 Durant, T M The Initial 
Deflections of the Electrocardiogram in Coionary Disease, ibid 188 225, 1934 
Ziskm, T Clinical Significance of the Electrocardiogram with Large Q m Lead 
III, Arch Int Med 50 435 (Sept ) 1932 Barnes ’’s 
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postenoi infarction A\as noted at autops} Xo particular significance 
could be attached to the occurrence of the combination of Qj and S 
or of Q„ and Si m our series The anahsis of cases of pro\cd lecent 
infarction in our series and in the series of cases for which autopsy 
leports haAe been published does not support the concept that the O and 
S waves are of much value in the diagnosis of recent infarction 

10 Further evidence of the lehabihty of the foiegomg findings was 
afforded by a reMew of all the preMousl} published electrocaidiograms 



Fig 12 — Electrocardiograirs of 2 patients with recent anterior infarction 
The serial curves in case A illustrate the classic t 3 'pe of change, especiallj' earh 
changes Those in case B show' marked changes in the T wa\e in lead IV 


Case A. C I'c B 


Curve taken before attnek 

SI 9/32 

Attnek 

9/ 1/OC 

Attack 

2/10/31 

Curecs t ikrn 

9/11/30 

Curves taken 

2/17/31 


10/ 3/’G 


3/ 2/31 




nnsrA 



Death (no autopsy) 

lO/lS/"! 




made in cases in which adequate autops} reports of m}ocardial infarc- 
tion were gnen In some reports the manner of closure of the coronar\ 
artery whether due to a fresh thrombus or to a sclerotic plaque is not 
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■designated, nor is the condition of the coionary arteries and myocardium 
adequately described It is m such reports that statements aie most 
often made that the changes in three lead electrocardiograms do not fit 
into the classically described cnteiia for anteiior and posterior infarcts 
On the other hand, there is an increasingly large literature with complete 
and carefully recorded clinical and neciopsy data, which is of great 
value for correlations such as we have attempted In checking ovei 
these published reports we have noted that the three lead electrocaidio- 
grams which fit the classically described types for recent anterior and 
lecent posterior infarction most closely are almost invaiiably found in 
instances of a suddenly occluding coronary thiombus uncomplicated 
by old chronic lesions of the myocardium The less typical three lead 
electrocardiograms occur in the group of reported cases in which the 
data show definite evidence of occluding sclerotic plaques or advanced 
scleiosis of both coronary arteries, with long-standing myocardial 
involvement This confirms our own observations and emphasizes the 
importance of complete and accurate autopsy data in such cases 

(/) AbnoumhHes tn Lead IV with Recent Inf ai chon — Oui 
analysis of these changes is summaiized in table 5 The following 
are the more significant findings 

1 A positive P wave was found moie often in this senes of cases 
than the normal negative or diphasic P 4 , at times this positive P wave 
was transitory However, the positive P wave was found associated 
u ith lesions other than coronary occlusion 

2 The presence or absence of the Q wave, the fiist negative phase 
of the QRS complex, has had considerable significance attached to it 
The absence of has been stated to be charactei istic in cases of recent 
anterior infarction This is faiily well borne out in our cases in which 
autopsy was performed, in all cases of recent anteiioi infarction due to 
thrombotic closure this wave was absent (fig 1 ), and in only 4 of the 
cases due to closure caused by sclerotic plaques was a small Q 4 wave 
seen (figs 2 C and 3 A to C) 

In the 4 cases of recent posterior mfaiction, on the other hand 
the Q 4 wave was present (fig 4^ to C), although it was small in the 
case associated with closure due to sclerotic plaques (fig 4 D) It is 
notewoithy that Q 4 was present in all 6 cases of combined anteiior and 

25 Levine, Harold D , and Levine, Samuel A An Electrocardiographic 
Study of Lead IV, with Special Reference to the Findings in Angina Pectoris, Am 
J M Sc 191 98, 1936 Faulkner, J M The Electrocardiographic Diagnosis of 
Acute Cardiac Infarction, with Special Reference to the Value of Precordial Leads, 
New England J Med 213 1215, 1936 Wilson and otheis^^ Johnston, Hill and 
Wilson Wilson, Hill and Johnston 
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posterior infarcts (figs 5, 6^4 and B and 7 A to C), e\en ^^hen the 
anterior infarct was the more recent (fig 5) In the entire series, Q, 
failed to occur in a little more than half the 119 cases of recent antenoi 
infarction, it was present in all 8 cases of combined infarction and was 
absent m only 6 8 per cent of the 73 cases of recent posterior infarction 
While the absence of Q 4 seems significant m cases of recent antenoi 
infarction due to thrombotic closure, its presence does not rule out a 
lecent anterior infarct Furthermore, it must be borne in mind, as we 



Fig 13 — Electrocardiogram of a patient w'lth anterior infarction The serial 
cuives illustrate the classic type of change and the late stages of rcco\er) 

Attack 0/8/35 Cun es taken 10/23/33 

Curves taken 5/15/35 ll/2G/''5 

C/ 12/35 2/21/30 

7/11/35 Alive 0/ 1,30 

have reported befoie^’' that Q 4 may be absent when there is no infaic- 
tion and even wdien theie is no coronar}' disease 

3 The QRS complex, aside fiom a few instances of W-shaped 01 
M-shaped complexes (usualh^ associated with intraventricular block-®), 

26 Edeiken, J , and Wolferth C C Clinical Significance of M and \\ 
Shaped QRS Complex in Lead II of the Electrocardiogram, Am J M Sc 188 
S42, 1934 
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was eithei monophasic and positive or diphasic The diphasic QRS j had 
a negative first phase in most instances, but in a few the positive phase 
was first Some of the diphasic QRS4 complexes were mainly up, and 
a few were mainly down As might have been anticipated from our 
discussion of the 64 wave, m all cases of proved lecent antenoi infarc- 
tion due to thrombotic closure there was a monophasic upright QRS4 
(fig 1), wheieas m cases of recent anterior infarction proved to be due 
to closuie caused by sclerotic plaques QRS4 was not alvays monophasic 
(however, when not monophasic it was mainly up, figs 2 and 3) In 
only 1 case of lecent posterior infarction due to closure caused by 
scleiotic plaques was there a mainly upright QRS4 (fig 4 D) In the 
entire series QRS4 was mainly or entirely up m about 75 7 pei cent of the 
cases of recent anterior infarction and in only 12 3 per cent of the cases 
of recent posterior infarction (table 5) A mainly upiight QRS4 was 
also common with combined mfaiction A mainly negative QRS4 was 
found occasionally m cases of recent posterior infarction and was often 
transitory The few instances in which there was a diphasic QKS^ with 
a positive first phase occurred only m cases of lecent antenoi infarction 
and then this complex was sometimes associated with inti aventricular 
block (fig IF, curve 2, and G, curve 2) 

In brief, this study indicates that a monophasic upright QRS, is 
characteristic of recent anterior infarction due to thrombotic closure 
but may occur in cases of infarction due to closure caused by sclerotic 
plaques Furthermore, it must be borne in mind that an entirely 01 
mainly positive QRS4 occurs m cases of extensive coronary sclerosis 
without infarction (figs 9 A and 10 A and C), as we have shown 
previously It may theiefore be a sign of extensive myocardial change 
and not necessarily of recent (or old) infarction 

4 Deviations in the ST segment were much more characteristic than 
the changes in the QRS complex Elevation of ST4 was seen m only 
2 cases m which autopsy was performed and both weie cases of recent 
posterior infarctions (fig 4 A and B) Elevation of ST4 occuired in 
58 9 per cent of the entire senes of cases of recent posterior infarction, 
in 3 of the 8 cases of combined infarction and m only 5 1 per cent 
of the entire series of cases of recent anterior infarction (table 5) Our 
study showed further that when ST4 was elevated it tended to become 
horizontal, and its termination was more clearly to be differentiated 
than m the normal downward sloping ST4 (fig 4 A) This horizontal 
ST4 often occurred without elevation, and we consider this a charactei- 
istic finding with recent posterior infarction (fig 4B) 

A deeply negative ST4 (more than 2 mm ) occurred m all but 1 
of the cases of proved recent anterior infarction due to thrombotic 
closure (fig 1), in 1 of the 6 cases of proved combined anterior and 
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posteiior infaictions (fig 6 A and B) and in 1 of the 4 cases ol pro\cd 
lecent postenoi infaiction (fig 4Z)), m the last-mentioned case the 
infaict ^^as due to closuie caused bx scleiotic plaques and both coronal \ 
aitenes showed advanced changes In the entiie senes, a negatue ST, 
of more than 2 mm occuired in about 39 5 per cent of the cases of 
leceiit anterior infaiction and in only about 6 8 pei cent of the cases 
of lecent posteiior infaiction (table 5) 



Fig 14 — Electrocardiograms of a patient witli recent posterior infarction 
The serial curves illustrate the classical txpe of change 


AttaA 8/12/12 Ciir%cs t ikon 10/22/02 

Curves taken 8/17/12 2/2S/S4 

S/19/32 10/10/11 

8/20/32 3/20/00 

0/ 8/32 A.li\o S/ 1/00 

9/15/32 


5 The T waxe xxas chai acteristic in the majoiitx of cases A 
positixe or diphasic T 4 xxas found in 40 pei cent of the cases of proxed 
lecent anterior infaiction (figs IC D F and G and 2 A io D) and 
not once in cases of pioxed lecent posteiior infarction In the entire 
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senes of 200 cases, positn^e and diphasic T ^’vaves were found in 77 3 
per cent of the cases of recent anterioi infaiction and in only 9 6 per 
cent of the cases of recent posterior infarction A within normal 
limits was found most often m cases of recent posterioi infarction and 
of combined infaictions, and a deeply negative was found pai- 
ticularly in cases of recent posterior infaictions 

6 Thus, as in the case of the standard three leads, so in lead IV, 
in the cases in which autopsy was pei formed the recent infarctions due 
to thrombotic closure give more characteristic changes than those due 
to closure caused by sclerotic plaques In all instances of recent mfaic- 
tion the changes in the ST segment and the T wave of lead IV aie 
more informative than the changes in the QRS complex Inspection 
of lead IV m other series of cases in which autops}'’ was performed 
shows that the facts here presented can be demonstrated also in these 
series No one feature of lead IV can be considered an infallible sign 
of the type of infarction, although certain deviations of ST 4 and T^ 
are fairly characteristic Lead IV should be viewed m toto and should 
always be correlated with the standard thiee leads when a particulai 
interpretation is being made, and the inteipietation should be checked 
with serial curves 

{g) The Value of Seual Foia Lead Electi oca) diogi ams m Cases of 
Recent InfaicUon — Our experience has shown that seiial curves are 
often necessary before a final diagnosis can be made, and they are always 
helpful in estimation of the natuial process and rate of progiess of heal- 
ing in the infarcted area and, perhaps as important as this, in deter- 
mination of the amount of chronic coionary insufficiency remaining after 
the healing process has stopped Foi these reasons we have paid par- 
ticular attention to serial curves and have attempted a systematic electro- 
cardiographic follow-up This was not possible m ever}'- case We were 
not able to follow thiough completely enough to obtain the entire senes 
of electrocardiographic changes in all instances Often it was difficult 
to obtain a curve immediately after the attack, because the patient was 
not hospitalized for several houi s or days, but we have obtained a num- 
bei of early curves Again, it was not always possible to obtain records 
in the late stage of recoveiy, which sometimes extends OA’^er many 
months However, we obtained a sufficient numbei of cuives to be able 
to depict the usual couise of these changes On the basis of all these 
lecords, we have been able to reconstruct an idealized pattein of the 
succession of changes occurring with recent anteiioi infaiction and those 
occuirmg with recent posteiior infaiction (fig 15) No one senes 
actually shows all these changes Differences obviously exist from case 
to case (compare figs 12 to 17) One should study the actual recoids 
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indnidually to see ho^v the dcMations m the electi ocardiograms of differ- 
ent patients vary from the classic picture sho^\n diagrammaticalh in 
figure 15 We ha^e data for man} other cases in vhich serial cur\es 
illustrate m one record or another all these changes, but space permits 
presentation of only a few Figure 15 depicts merely the generah/ed 
pattern which is most common On the evidence obtained fiom oui own 
cases and fiom previously published reports of cases in vhich autop";}' 
was performed, we ha\e concluded that the chaiacteristic pictuie sho\\n 
in figure 15 occurs vith lecent infarction due to a sudden oi thrombotic 
closure and that dcMations from this picture aie more likely to occui 
with infaiction due to slowl} occurring closure oi closure caused b} 
scleiotic plaques No attempt has been made in the graph (fig 15) to 
give the time values betv een stages as the time span is an individual 
affaii and varies widely This is not sui prising in view of the wide 
differences in the degrees of change within the m}ocaidium and the 
lariations m the recuperatne efficienc} of the coronal} ciiculation of 
different heaits The striking changes in the ST segment usually disap- 
peai lapidly, often in from a few^ hours to a few^ days ObMOush in 
not all cases is the lecord noimal at fiist, as in figure 15, and in not all 
cases does it return to the pieexisting le\el Often, indeed, the recoid 
stops short of complete reco^ely and peisists foi a long peiiod at one 
of the later stages 

The changes m figuie 15 aie foi leads I, III and IV, lead II is 
omitted foi clarity and because it is more variable in its appeal ance 
than the othei leads The changes in one lead do not ahva} s follow the 
same tempo as the changes in othei leads In some cases of lecent 
posteiior infaiction the standard limb leads show the first characteristic 
change, but on the wdiole infaiction is more easily diagnosed early from 
lead IV WT have also ignored the frequent transitoi} ebb and flow of 
fluctuations in electrocai diographic contoui seen duiing the eail} stages 
When seveial infarcts are present in diffeient localities natural!} the 
development is not so typical The piesence of intraventiicular block 
also confuses the picture, as does to a lesser extent the presence of other 
preexisting abnoimalities that affect the electrocai diogi am 

In the early stages of recent coronar} occlusion the changes in the 
ST segment predominate These ha\e been desciibed before but we 
hare attempted to con elate them and to depict them graphicalh It 
w'lll be seen that in cases of t}pical anteiior infarction STj becomes 
elerated, with an upwaid bowing and a rounded shoulder at the begin- 
ning of the T ware, and ST« is the inrerted image of this ST, at thi': 
time becomes deeply depiessed and often hoiizontal so that T^ cannot 
be made out (fig 15, stage 2) At the same time disappears f O, 
and S 3 ma} 01 ma} not appeal , figs 12 A and 13) In cases of poste- 
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Fig 15— Diagrammatic illustration of classic tj^pe of changes usually found in 
leads I, III and IV in the stages of development of and recover} from uncom- 
plicated infarctions of the anterior and of the posterior wall due to sudden throm- 
botic closures 
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noi infaiction the pictuies in leads I and III aie the re\eise ol iho'^e 
in cases of anteiior infaiction, except that O, is inoie hkeh to apjicai 
STj becomes ele\ated (but not to the degree to \\hich it sinks m ca'^t^' 
oi anteiioi infaiction) and is lioii/ontal oi CAcn bowed upward X*; time 
goes on tlie ST segment with both types tends to return to tlie lc\cl of 
the iso-electiic line latei the ST segment loses its bowing in tbc coinen- 



Fig 16 — Serial electrocardiogram of a patient (case A) with anterior infarc- 
tion in which tepical changes occui in lead IV and nondiagnostic changes occur in 
tile coinentional leads Serial electrocardiogram of a patient with posterior infarc- 
tion 111 winch the changes in lead IV (m ST and T) are t\pical, whereas tlie 
coiwentional three leads did not definitcK establish the diagnosis 

Cn«c V C i<-t 1? 


tttdck 

vn/n 

\ltnck 

S' 4/"2 

Cur\c' taken 

•./11/34 

Oiirit^ t iku) 

s/ll/'.’ 


-•/2»/o4 


s/r./"2 


t./:o/s4 


o/27/''i 


•1/ 

Droi'i'Pil tlead il inontli= 

later 

.\li\e 

10/-;% 

(no n«top'•^ ) 
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tional three leads, and a coronaiy T wave appeals in these leads in a 
direction opposite to that of the oiiginal deviation of the ST segment 
(fig 15, stages 3 to 5, and figs 14 and 17) As we have previousU 
emphasized, whether positive oi negative, the coionaiy T wave is peaked 
and has syinmetiical limbs and lotinded shotildeis This coionaiy T 
wave waxes and becomes the dominant part of the lecord (fig 15, stage 



Fig 17 — Serial electrocardiograms of a patient with posterior infarction, 
showing that the frequently recurring attacks of pain were accompanied with 
definite electrocardiographic changes 
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6) before it wanes again and disappeais In cases of anteiior mfaiction 
as ST4 returns towaid the iso-electiic 01 noimally negative level and 
legains its downward declivity, a diphasic and then a positive T ware 
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appeals, A\hich A\dxes sometimes to great heights and then %\anc5 and 
disappeais (figs 12 B and 16/1) In cases of posterior mfaiclion the 
ST4 segment returns to the iso-electiic 01 noimally negatue Ie\cl (less 
tlian 2 mm ) and regains its normal downward declnity , usualh no clcai 
evidence of infarction remains in this lead unless the T uave is deeph 
negative (figs 14 and 165) Nevertheless, serial curves will reveal the 
piogressive waxing and waning of T4 The latei changes (fig 15, 
stages 7 to 9) aie seen m only a limited numbei of cases In some cases 
death occuis befoie these changes are full}'- developed, m otheis the 
electrocardiogram reaches a stationary form and in still others changes 
occur which may be inteipieted (as we have pieviously shown as 
indicating a progiessive mciease in the myocaidial involvement due to 
coexisting progiessing coionary disease 

Once the deviation in the ST segment disappears and only the dev la- 
tions in the T wav'e leinain, it becomes difficult to determine fiom a 
single recoid vvhethei the electrocai diogi am gives evidence of (a) an 
eaily stage of recoveiy aftei mfaiction m which T is waxing, {h) a 
late stage of lecov'eiy 111 which T is waning, (c) an old infarction or 
{d) chronic coronai} insufficiency without infarction Only the past 
clinical histoiy can distinguish between c and d, and seiial curves aie 
required in ordei to distinguish c and d from a and h, and between a 
and b 

(h) Specidahons Coiiceimiig the Value of the Fou? Lead Fleet) 0 - 
ca) d'log) ams with Vaitous Types of Coioiwiy lusnffioeiicy — The evi- 
dence presented in this repoit w'hen correlated with that given in oui 
earhei repoit on coionaiy sclerosis^’* shows that the classification of 
coionary insufficienc}^ given pievnously by us still holds and can be 
fuithei amplified Oui expeiience shows that within certain limits 
serial foui lead electiocardiogiams can aid in the evaluation of the state 
and progress of the adequacy of the coronary cii dilation They can 
seive to difteientiate the tiansitoi} acute coronaiy insufficiency which 
leads to temporal} electrocardiographic deformity without causing pei- 
manent injur}^ to the myocaidium (figs 8C and IOC) from the more 
piotracted coronaiy insufficiency which leads to infarction (figs 2 and 
3) and the less sev'ere and more chionic forms which cause no infarction 
(fig 9) 

The time course of the different varieties of these forms of coronarv 
insufficienc} are depicted diagrammaticalh with time as the absci'^'a 
and the degree of electi ocardiographic deviation as the ordinate in 
figures 19 and 20 The characteristics of the various ''tibgioups are 
summarised briefl} in table 6 
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In vie\\ ot the findings in oui own studies of cases and the autopsy 
evidence affoided by these and other cases, we now believe that coronaiy 
insufficiency may be subdivided as follows 

I Subacute coronary insufficiency 

A Uncomplicated forms of recent myocardial infarction (thrombotic 
closure) 

(n) Anterior 
(b) Posterior 

B Complicated forms of recent myocardial mfaiction 

1 Sclerotic closure 

(a) Anterior 

(b) Posterior 

2 Combined anterior and posterior infarctions (one recent infarct) 

(a) Old posterior and recent anterior 
(fc) Old anterior and recent posterior 

3 Multiple recent small infarctions 

II Progressive or nonprogressive chronic coronary insufficiency (coionary 
sclerosis without infarction) 

(a) Distinctive electrocardiogram resembling that with anterior 

infarction 

(b) Distinctive electrocardiogram resembling that with posterior 

infarction 

(c) Indeterminate electrocardiogram 

III Transitory (acute) coronary insufficiency 

IV Suddenly fatal coronary insufficiency (thrombosis, embolism, ventricular 

fibrillation) 

A few words regarding each of these subdivisions are not amiss heie 
The uncomplicated forms of myocardial infarction consist of the classic 
types of coronaiy occlusion which our own and previous autopsy 
material shows to be due to sudden thrombotic closure (figs 1 and 4 A 
and C) 

Among the complicated forms of myocardial infarction aie those due 
to the relatively less abrupt occlusion resulting from sclerotic plaques 
in the coronary arteries Patients with this form of closure ohen go 
through periods of mild heart failure and die when some other compli- 
cation, such as an operation or pulmonary, renal or cerebral involvement 
IS superimposed The electrocardiograms are less characteristic, and 
lead IV IS often more diagnostic than the standard three leads (figs 2, 
3 and 4 D) Another form of complicated myocardial infarction is that 
in wffiich the presence of several infarcts confuses the electrocardio- 
graphic picture (figs 5 to 7, 11 and 18) , usually the changes resulting 
from the most recent infarct are those that dominate the curves 
Another form is that in which multiple small infarcts are piesent 
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(fig 8) Repeated infaiction in the same area is anothei \anel} of 
tins last subdivision , each occlusion results in changes in the ST segment 
of a <5mnlar t 3 pe. A\hich slowl}' disappear only to reappeat again vith 
each ne\^ attack (fig 17) 



Fjg IS — Serial electrocardiograms showing a late stage of abpical infarction 
of the postciior wall with a tiansitora change suggesting the superposition of 
infaiction of the anterior wall, with rcco\er\ 


\UncK GlZ'^r" \ttRk C'20/C4 

Curves t ikcii Curecstikm 7/ C/04 

S/17/"C S/ 0/'’4 

1)122 a a^l2/ i 

l'24/4 l/lS/or> 

2 2 y ) ”^1 


Pt itli (no iiitop'-\) 




280 


ARCHIVES OF INTERNAL MEDICINE 


In the gi oup of cases of chronic coronary insufficiency, whether non- 
progressive or progiessive, which we have previously repoited^*' and 
to which we have now added 8 additional cases with autopsy data, some 
of the electrocardiograms lesemble those encountered in cases of myo- 
cardial infarction (fig 10), except that the serial curves do not follow 
the course typical of cases of healing infarction Others in this group 
show abnormalities of a more indeterminate natuie (fig 9) Theie are 
a number of reports in the literature of similar cases It is possible 
that the presence of electiocardiographic changes resembling those seen 
in cases of lecent infarction is evidence of localized ischemia while 
absence of such changes is evidence of more generalized ischemia It 
appears that the electrocai diogram not only does not depict the fibrosis 
01 even the infarction but depicts only the piesence of localized or gen- 



Fig 19 — Diagram illustrating the possibilities of time events in a case of recent 
infarction as disclosed by serial electrocardiograms when at first there is little or 
no coronary insufficiency The curves show (a) two degrees of severity of the 
attack, (b) two rates of recovery from the more severe attack, (c) complete and 
partial restoration and (cf) (the dotted line) later superimposed acute transitory 
coronary insufficiency not giving rise to an infarct When the patient starts with 
a certain degree of coronary insufficiency, as indicated by a short horizontal line 
half way up the upstroke, complete restitution will still leave an abnormal electro- 
cardiogram 


eiahzed ischemia of the living muscle cells This was the conclusion we 
came to in our previous study 

Transitory (acute) coronary insufficiency is another type of condi- 
tion which IS often noted m cases of coionaiy disease It usually 

27 Burton, J A K , Cowan, J , Kay, J H , Marshall, A J , Rennie, J K , 
Ramage, J H , and Teacher, J H Four Cases of Fibrosis of the Myocardium 
with Electrocardiographic and Post-Mortem Examination, Quart J Med 23 293, 
1930 Levine and Brown Gilchrist and Ritchie "" Nathanson 
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occurs as the result of excessn e effort an emotional cnsis, a er} 
irregular or A-er}- rapid heart action or infarction of the kidneys spleen 
or lungs dunng congests e heart failure, or as the result of SAphihtic 
inAohement at the mouth of the coronar}- arteries These conditions 
may produce transiton, (acute) coronar}' insufficiencA AAhich does not 
result in permanent injur}- to the myocardium, although causing tem- 
porar}- electrocardiographic deformit}* and giAung rise to such findings 
and SA-mptoms as pulmonar}' edema cardiac asthma parox}smal (noc- 
turnal) dyspnea and angina pectons The occurrence of such changes in 
the electrocardiogram m the presence of these complications should make 
one senously consider the transitor}* (acute) t}pe of coronar}' msuffi- 
aency The cliaracter of the electrocardiographic abnormalities asso- 
ciated AAith this condition aaiII depend also on AAhether the process is 
diffuse or localized Such transitor} electrocardiographic changes again 



Fig 20 — Diagram illustrating the difference in time course betAAcen so-called 
nonprogressiA e (loAAcr curAe) and progressne (upper curAc) chronic coronarA 
insnfficiencA' On each of these curves is shoAATi a superimposed curve for transitorj 
coronar}' insufficienc}' (dotted lines) and a superimposed curAC for a subacute 
attack AAith infarction (solid lines) 


28 Katz L X Hamburger W W , and Schutz \V T The Effect of 
Generalized Anoxemia on the Electrocardiogram of Xormal Subjects Its 
Bearing on tlie ^Mechanism of Attacks ot Angina Pectons Am Heart J 9 771, 
193- Fell, H, and Siegel M L Electrocardiographic Changes During 
Attacks of Angina Pectoris Am J M Sc 175*255, 1928 BroAA, G R and 
Holman D \ Electrocardiographic Study During a ParoxA'sm of Angina Pec- 
tons Am Heart J 9:259 1933 Parkinson, John and Bedford D E Electro- 
caraiographic Changes Dunng Brief Attacks of Angina Pectoris, Lancet 1.15, 
1931 \\ ood F C , ana Wolferth C C Angina Pectons The Clinical and 

Electrocardiographic Pnenomena of the Attack and Their Comparison AAith the 
Effects of Expenmental Temporar}- Occlusion Arch Int !Med 47.339 (}vfarch) 
1931 Hah D Electrocardiograms of Taao Patients Dunng Attacks of Angina 
Pectons Lancet 1 125- 1932 
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suggest that it is the ischemia of living muscle and not the piesence of 
dead or scai tissue which causes the abnoimahties obsened vith all 
foims of coronal y insufficiency 

GENERAL SUMMARY AND CONCLUSION 

We have reported on 200 cases of coronary occlusion studied foi thiee 
yeais We haAe made a careful detailed analysis of the incidence of 
vaiious abnormalities m the standard three leads and the deviations of 
lead IV in cases of (a) recent antenoi infarction, {h) lecent posteiior 
infarction and (c) combined anteiioi and posteiioi infaictions The 
criteria foi this division according to the type of infaiction veie 
based on the characteristic electrocardiographic deviations in oui ovn 
and in other cases in vhich the diagnosis was veiified at autopsy 

We have piesented illustrations of the foui lead electiocaidiogiams 
m 25 cases of recent infarction togethei with the peitinent autopsy data 
Similai data are presented for 2 cases of recent small multiple mfaicts 
and for 8 cases of coronary sclerosis without mfaiction We ha-ie illus- 
trated with actual seiial curves and with diagiams the eiolution of the 
classical changes in cases of recent antenoi and posterior infarction due 
to thrombosis 

We have demonstiated the diffeiences in the electi ocarchogi am in 
cases of recent infarction due to suddenly occuiring coionary thrombosis 
and in cases of infarction due to slowly occluding scleiotic plaques 
We have, as a result of these studies, reached the following con- 
clusions 

The incidence of all types of myocaidial mfaiction due to coionaiy 
■occlusion is greater in men than in women, and the incidence of antenoi 
infarction is greater than that of posterior infarction 

The mortality from posterior infarction is lelatively less than that 
iiom other types 

Septal involvement occurs with all types of myocaidial mfaiction 
hut it IS 1 datively more frequent with anteiior mfaiction If the septal 
infarction is near the apex, intraventi icular block may not appeal in 
the electrocardiogram 

Low “voltage” m the standard three leads occuis lelatnely moie 
often with anterior infarction, but lead IV is usually not affected 

Preponderance of the left ventricle is most often associated vith 
posterior infarction but may occui with anterior mfaiction 

Lead IV is of definite aid in the diagnosis of lecent myocaidial 
Infarction due to coronary occlusion, especially antenoi infarction 

The frequency of the various types of recent myocaidial mfaiction 
is more in accord with autopsy statistics when four leads are used than 
Mhen only the three limb leads are used 
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Correlation with autopsy data shows 

(a) The classic forms of electi ocardiographic ^allatlon with eail} 
sti iking typical vaiiations in the ST segment, aie associated with recent 
infaiction due to suddenly occuiiing thiombosis m a coionan aitei\ 

(b) Atypical foims of electrocaichogiai^hic vaiiations are m most 
cases associated wuth lecent mfaiction due to slowl} occluding scleiotic 
plaques, with extensive coionai} scleiosis, but they are also seen (1) m 
cases in wdiich a lecent infarction is supei imposed on an old one (2) 
in the piesence of lecent multiple small infarcts oi (3) in cases of lecent 
infarction complicated by intiaventiiculai block 

(c) In the absence of infarction, chronic coionaiy msufficienc} due 
to coronaiy scleiosis may lesult m an electi ocaidiogi am resembling that 
typical 111 cases of coionary occlusion oi one possessing nonchaiactei- 
istic abnormalities associated usually with a QRSj, which is maml}^ oi 
entiiely upright Seiial curves will easily diffeientiate the foimei con- 
dition from a healing lecent mfaiction 

(d) Tiansitory (acute) coionaiy msufficieiicy may produce electi o- 
caidiogiaphic changes lesemblmg those due to lecent mfaiction without 
pioducmg lecognizable evidence of myocaidial mfaiction post moitem 
However, the late of evolution in seiial cuives is dififeient m the two 
conditions 

(e) Myocaidial mfaicts do heal and may not leave any cleail} 
demonstiable anatomic evidence, and serial electi ocaidiograms aie 
theiefoie Mtal in the demonstration of this lecover} 

(/) In cases of chionic coronaiy insufhcienc}^ piogiessive deviation 
fiom the noimal m seiial electi ocaidiogiams is an unfavoiable piog- 
nostic sign 

Chaits aie given to depict the time couise with the difteient t}pes 
of coronaiy insufficiency, and a senes of idealized recoids is shown to 
depict the classic senes of changes in leads I, III and IV m a typical 
case of lecent antenoi and a typical case of lecent postenoi myocardial 
infarction 

The mannei of lecoiding lead IV and the nomenclature to be used 
wuth lespect to vanous kinds of chest leads aie discussed 

The impoitance of basing the final diagnosis on the findings m all 
foui leads and on changes m senal cuives lathei than on^an\ special 
abnormality m an} single lecoid is emphasized 

Non: — The lead IV descnbed in this lepoit difteis fiom the lead 
IV lecentl} lecommended b} a special committee of the Ameiican Heait 
Association as follow^s 

1 The piecoidial electrode in oui studies is placed m the fourth 
inteispace just to the left of the sternum wdieieas foi the standaid lead 


29 Standardization of Prccordial Leads J A. A. 110 395 (Tan 29) 1938 
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IV recommended by the Amei lean Heai t Association s committee the 
precordial electiode is placed over the apex 

2 The electiodes in our studies are arianged so that lelative posi- 
tivity of the precoidial electiode will cause a downward deflection, 
whereas according to the standard lead IV lecommended by the 
American Heait Association’s committee, the electrodes are arranged so 
that relative positivity of the precordial electiode gives an upward 
deflection 

The medical staff of Michael Reese Hospital gave us permission to study their 
patients and cooperated in the obtaining of follow-up data, Dr 0 Saphir, of the 
Department of Pathology, supplied the autopsy reports , Miss Phillips and Miss 
Bronson, electrocardiographic technicians, and several interns were of technical 
assistance, and Mrs Salzman, social worker, assisted in obtaining the follow-up 
data for the clinic patients 



FEVER INDUCED BY THE INTRAVENOUS INJEC- 
TION OF TYPHOID-PARATYPHOID VACCINE 

S W RANSON Jr, MD 

KEW YORK 

Since vaccines of the typhoid gioup aie administeied intravenously 
in arthritis, iritis, thrombo-angiitis obliteians and other conditions and 
since there does not seem to have been any adequate study of the 
reaction caused by these vaccines, an inquiry into the moie detailed 
nature of the normal response to the injection should serve a useful 
purpose During a series of expeiiments designed to determine the 
effect of various hypothalamic lesions on the course of fever induced 
in cats by the intravenous injection of typhoid-paratyphoid vaccine, 
sixteen normal cats Avere studied 

Pinkston ^ recoi ded the inguinal temperature of twelve normal cats 
to Avhich typhoid-paratyphoid vaccine had been administered intra- 
venously He made readings eveiy 10 to 30 minutes “until the body 
tempeiatuie had started towaid normal ” Cannon and Pereira ^ described 
the temperature curves obtained for ten noimal cats after intravenous 
or intramuscular injection of a suspension of dead typhoid bacilli They 
did not state by Avhat route the temperature was taken, nor did they 
describe the curves in any detail 

METHODS 

Each cat Avas brought to the laboratory about 8 a m , laid on its side on 
a specially designed canvas sling and secured in this position with canvas straps 
It was thus securely but comfortably held 

The temperature Avas recorded in ink as a continuous curve by means of 
a Leeds and Northrup resistance temperature recorder, the resistance unit of 
which was inserted through the rectum and held securelv'^ in the colon at a 
constant distance of 14 cm from the anus A constant and deep placement of this 
unit w'as necessary because it was found that a temperature gradient exists 
in the cat’s rectum betvA'een the outlet and a depth of from 8 to 10 cm The 
resistance recorder w'as calibrated once a week against a United States Bureau of 
Standards thermometer in a constant temperature water bath An area about 

From the Institute of Neurology, Northwestern University Medical School, 
Chicago 

This study was aided bj grants from the Rockefeller Foundation and the 
Committee on Scientific Research of the American Aledical Association 

1 Pinkston, J O Experimental Fev’-er in S 3 mpathectomi^ed Animals, Am 
I Phvsiol 111 539 (April) 1935 

2 Cannon, W B , and Pereira, J R Increase of Adrenal Secretion in 
Fever, Proc Nat Acad Sc 10 247, 1924 
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3 or 4 cm in diameter on the side of the cat’s flank had been depilated the pre- 
ceding day, and to this area a skin thermocouple was applied by means of a 
spring-mounted holder fastened to a ring-stand The room temperature and 
humidity were recorded at frequent intervals from a uet and drv bulb ther- 
mometer, ventilated at about 3 meters per second b\ an electric fan " All 
temperatures were recorded in degrees Fahrenheit 

In each case the animal was placed in the sling immediate!}' on being brought 
to the room, and all the apparatus was mounted and placed in function The 
temperature cur\e was then recorded until a definiteh stabilized base line had 
been established This precaution is of considerable importance, the process 
of stabilization maj consume 2 or 3 hours When the animal’s temperature had 
been definitely stabilized, 0 35 cc of typhoid-parathyphoid vaccine per kilogram 
of body weight ^\as injected into the saphenous \ein One uniform lot was 
used, all the vials having been filled at the same time from the same bottle of 
freshlj' prepared stock Aaccme The vaccine contained 1,000,000,000 killed t 3 'phoid, 
750,000,000 killed parat\phoid alpha and 750,000,000 killed paratyphoid beta 
organisms in each cubic centimeter The dosage was not varied at anj time 
Observations were made of the respiration and the skin temperature at frequent 
intervals (from 5 to 15 minutes) for 3 or 4 hours after the injection It was 
not possible to make reliable observations on the pulse rate About 5pm 
the skin thermocouple was removed, the fan ventilating the \\et bulb thermometer 
was stopped and the set-up was left otherwise undisturbed, so that a constant 
record of the animal’s temperature was made until the termination of the experi- 
ment the next morning, about 20 hours after the injection 


RESULTS 

Often immediatel}^ almost always within from 10 to 30 minutes, 
after the injection the tempeiature began to use, usually accompanied 
with or preceded by shivering Generally the pupils w^ere dilated, and 
the animal w'as excited and restless On some occasions there appealed 
to be erection of haii The skin thermocouple indicated cutaneous 
vasoconstriction There was a moderate decrease m respiration On an 
average of 48 minutes after injection of the laccine the temperature 
reached a prehminar) peak (hereaftei called the first peak) at an average 
elevation of 1 2 F aboie the base line (chart 1) Thiee of the normal 
animals show^ed no definite first peak Shivering now' ceased or, more 
usually, had been absent foi from 10 to 15 minutes before the attain- 
ment of the first peak The pupils nan owed, m nearly every case 
defecatory movements began,"’ usually with passage of considerable 

3 The highest recorded room temperature was 83 T , the lowest, 76 F , the 
greatest \ariation during any one experiment, 2 F The highest recorded rela- 
tive humidity was 45 per cent, the lowest, 23 per cent, the greatest variation 
m relative humidit}' during an\ one experiment, 2 per cent 

4 The vaccine was furnished by the Abbott Laboratories 

5 It IS realized that these movements were m part occasioned or exaggerated 
b\ the presence in the colon of the rectal resistance unit Their significance 
lies in their constant temporal correlation with other e\ents of a parasympathetic 
nature 



R 4NS O y—rU' ER 4\D / 3 PH O ID-PAR 4 1 3 PI 1 01 D J ACCIXE 287 


soft stool, occasional!} \\ith urination and, in tlie male, erection of the 
penis Respiration was acceleiated, and on three occasions the animal 
panted foi from 5 to 15 seconds The skm theimocouple indicated 
cutaneous vasodilatation The rectal tempeiatuie fell away lapidly from 
the fiist peak to an aieiage intermediate low point 06 F below the 
base line, reached on an average of 114 minutes after the injection 
Onl} one animal show^ed no such definite mtei mediate fall Shortly 
before the low' point of this intermediate fall was reached, the animal 
usually began to shner the pupils dilated and respiration became 
slow'er The skin thermocouple indicated cutaneous vasoconstiiction 
In the tram of these symptoms the tempeiature again began to rise, 
not so steeply as duimg the first rise, but more sustamedly, attaining 
a peak (heieafter called the second peak), aAcragmg 1 8 F above the 
base line, at an aAerage of 279 minutes after the injection Four of the 



Chart 1 — Composite temperature curve for sixteen normal eats after injection 
of tj'plioid-paratyphoid \accine intravcnouslj’^ On the ordinate is plotted the bodj' 
temperature m degrees Fahrenheit above or below' the stabilized preinjection tem- 
peratuie Time m minutes is represented on the abscissa 

sixteen animals showed no well marked second peak The temperature 
fell aw'ay from the second peak slowdy and irregularly, with minor ups 
and downs, to leach on the average, a second intermediate low point, 
0 57 F above the base line, 506 minutes after the injection Then began 
a slow' and iiiegular rise toward a third peak, W'hich, on the a\erage, 
reached 23 F abo\e the base line 922 minutes after the injection 
Thereafter the temperature fell slow ly and irregularly The next morn- 
ing the tempei ature still z\ eraged 1 06 F abo\ e the base line Only two 
animals failed to show a reasonably well defined second intermediate 
fall and a third peak Chart 2 shows a fairh t}pical temperature cur\e 
for a noimal cat. but the fall after the first peak was smaller than usual 
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One of the sixteen normal cats (experiment 22) responded to the injection 
in a peculiar manner During the first 45 minutes after the injection the temperature 
remained practically constant, although the cat shivered once or twice Thereafter 
the rectal temperature fell rapidly to a low point, 23 F below the base line, 
209 minutes after the injection From this point it rose, accompanied with some 
shivering, to a peak, 08 F below the base line, 378 minutes after the injection 
After a minor recession from this peak it rose to a third peak, 04 F above the 
base line, 1,121 minutes after the injection It fell away slowly from this point, 
until at the conclusion of the experiment, 1,275 minutes after the injection, the 
temperature was exactly at the base line This cat iNas apparently perfectlj 
normal and healthy There had been no alteration in the conditions of the 
experiment 

The average respiratory rate of the stabilized animals just before 
the injection was 50 7 per minute The average highest rate in the 
period between injection and attainment of the first peak was 46, the 



Chart 2 — Tj'pical temperature curve for the normal cat (experiment 25) 
after injection of tj phoid-paratyphoid vaccine intravenouslj 

average lowest rate for this period, 42 8 The a^ erage highest rate 
for the period between the first peak and the trough of the intermediate 
fall -was 92 7 , the average lowest rate for this period, 48 Three animals 
panted for from 5 to 15 seconds during this period, but the respiratory 
rate during panting, being of such short duration, w^as not enteied on 
the charts or averaged into the respiratory rates of this period Hence 
the averages are not unduly weighted by these occurrences In the 
period of rising temperature between the trough of the intermediate 
fall and the second peak, the average maximum respiratory rate w'as 
41 1 and the average minimum rate 33 1 pei minute There w^as thus 
some slowing of respiratory rate during the first rise, considerable 
acceleration during the intermediate fall and a return to a slow'^ respira- 
tory rate in the phase of the second rise 

All but two of the sixteen animals shiveied during one or the other 
of the two phases of rising temperature Nine shnered duiing the first 
use, ten, during the second rise 
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The readings for the skin thermocouple were of couise not readings 
of true cutaneous temperature Owing to the method of application of 
the thermocouple, there was present an une\aluated element of deep 
temperature, which w^ould increase the reading of the skjn thermocouple 
during a period of rising general body temperature and would there- 
fore decrease the apparent amount of cutaneous ^ asoconstnction , dur- 
ing a period of falling general body temperature it would decrease 
the reading of the skin thermocouple and therefore would decrease the 
apparent amount of cutaneous vasodilatation It is obMOus, howe\er, 
that if cutaneous vasoconstriction is indicated during a rise oi fall m 
body temperature, it is undoubtedly present, although not accurately 
measured 

All but one of the thirteen animals that showed a definite first peak 
showed cutaneous vasoconstriction during that period, as judged by 
failure of the reading for the skin thermocouple to rise b} the same 
amount as the rectal temperature This lag averaged 04 F All but 
two of the fifteen animals that exhibited a definite intermediate fall 
showed cutaneous vasodilatation, averaging 0 4 F , as calculated by this 
method Six of the eight animals exhibiting a definite second peak, and 
for which the data were complete, showed cutaneous ^ asoconstnction, 
as judged by this method, the average being 0 3 F 

COMPARISOX W'lTH THE RESULTS OF OTHER INVESTIGATORS 

Cannon and Pereira - and Pinkston ^ described normal temperature 
curves after the injection of typhoid and of t} phoid-paratyphoid vac- 
cine respectively Cannon and Pereira administered the ^accIne either 
intramuscularl} or lntra^ enously and did not gne any of the details 
of their experiment, i e , method of taking temperature, method of 
stabilizing temperature before injection, dose of vaccine and interAal 
between indnidual observations of temperature Pinkston took the 
temperature inguinall} instead of rectall} , obser\ations were spaced at 
inteiwals of from 10 to 30 minutes He assumed stabilization of the 
preinjection bod} temperature after the animal had been in the laboratorj 
1 hour 

Both papers described first and second peaks with an intermediate 
fall Neither paper described a third peak since both groups of experi- 
menters apparent!} terminated their obser\ations after the attainment 
of the second peak Cannon and Pereira stated that the second peak 
may exceed the first Pinkston stated that the first peak usually exceeds 
the second I found that the second peak was almost alwa}S higher 
than the first, in contrast again to Pinkston’s lesults I found that m 
the fall from the first peak the temperature usuall} returned to the 
ba^e line or below I belie\e that the discrepancies lietwcen m\ results 
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and those ot Pinkston may ^ve]I be due to the eiiois which were 
inhei ent in his method of taking the tempei atui e, i e , inguinally , that 
method of observation is complicated b}^ components of cutaneous 
vasoconstiiction and vasodilatation Cannon and Pereiia found shivering 
in the fiist use, but not m the second I found it actually moie com- 
mon 111 the second than in the first Cannon and Peieira mentioned 
the signs of sympathetic stimulation duiing the rise toward the first 
peak, and these were also briefly touched on by Pinkston Neithei paper 
mentioned parasympathetic symptoms during the peiiod of falling 
tempei ature 

CONTROL EXPERIAIENTS 

In order to determine what range of variation in temperature might be 
expected m the cat merely as the result of the normal diurnal vaiiation, together 
with the manipulation to which the animals were subjected during these experi- 
ments, two normal cats were carried through exactly the same procedure as were 
the main senes of sixteen cats, except that instead of typhoid-paratvphoid vaccine 
an equal Amlume of sterile physiologic solution of sodium chloride was injected 
intravenously The first of these control animals showed a highest upward 
variation from the stabilized base hrte of 09 F The lowest downward variation 
from the base line was 02 F The second cat showed a highest upward varia- 
tion from the base line of 03 F The lowest downward variation was 07 F 

The range of total variation was 1 1 F for the first cat and 1 F for the 
second cat This corresponds well with the normal diurnal variation of tempera- 
ture in the cat reported by Pinkston as from 0 9 to 1 8 F It is appai ent that the 
manipulations of the experiment had little if aity effect 

To make certain that the effects described in the mam body of the experi- 
ment were not merely those of a particular brand or shipment of typhoid-para- 
tvphoid vaccine and, further, to make certain that they were not properties of a 
mixed vaccine that would not be found m a vaccine prepared from typhoid 
bacilli alone, a sample of unmixed typhoid vaccine was obtained from the Chicago 
Board of Health A dose of this vaccine, which contained a number of organisms 
equal to that used in the mam experiment on the series of sixteen cats, was injected 
intravenousl}' into each of two normal cats The resultant temperature curves 
and other observations differed m no essential detail from the norms established 
by the other experiments The detailed data will not be given 

Effects of Ethel — In addition, five normal animals were anesthetized as a 
preliminary with ether by inhalation for about 10 minutes While each animal 
was in a stage of light surgical anesthesia, the usual dose of typhoid-parathyphoid 
vaccine was injected intravenously, and the anesthetic was at once discontinued 
All other conditions were similar to those m the typical experiments After the 
injection two of the animals showed an almost immediate fall m temperature, 
accompanied with pupillary constriction, excessive salivation, marked defecatory 
movements and marked and persistent panting The temperature of one of the 
animals dropped 5 9 F and that of the other 4 2 F The experiment on the first 
animal was terminated the same day, the second was followed for 20 hours, 
and at the end of that time the temperature was still 4 2 F below the base line 
In the other three animals the first peak was lowered or absent, and panting, 
salnation, defecation and pupillary constriction were marked Eventually, how- 
ever, the temperature rose to a point well above the base line (4 3, 4 and 3 2 
F , respective!} ) 



RANSON— FEVER AND TYPHOID-PARATYPHOID \ ACCIMl 291 


COMMENT 

The noinial process of conservation of bodily heat appaienth 
entails, among other mechanisms, mass sympathetic stimulation Cannon 
and Querido " demonstiated that an animal ^\lth a deneivated heart 
shows marked acceleiation m caidiac late when exposed to cold, this 
they said is indicative of increased secietion of epmephiine Accoiding 
to Aub, Bright and Foiman,’ Mclvei and Blight® and Con and 
Buchwald,” the Iibeiation of epmephiine inci eases the oxidatne pio- 
cesses of the body Sympathectoinized animals aie moie susceptible 
to cold than are noimal animals, and they lose their body heat more 
lapidly when exposed to it (Cannon, Newton, Blight, iNIenkm and 
Moore, Sawyei and Schlossbeig 

H H Meyer advanced the theoiy that the mechanism foi legula- 
tion of body tempeiatuie includes two centeis, one of which, piomotmg 
mci eases m tempeiatuie, gives rise to geneiahzed sympathetic leactions, 
and the othei, piomotmg deci eases in tempeiatuie, causes geneiahzed 
paiasympathetic leactions Phenomena piesent m normal cats duimg 
the phases of using tempeiatuie (excitement, dilatation of the pupils, 
cutaneous ^asoconstllCtlon and occasionally election of haii) suggest 
a state of geneiahzed sympathetic stimulation Similaily those phe- 
nomena which accompany the phases of falling tempeiatuie (pupillai} 
constiiction, cutaneous vasodilatation and defecation and occasional!) 
uimation and penile election) suggest a iDcriod of generalized paia- 
sympathetic stimulation 

It IS well known that drugs nhich stimulate the s}mpathetic system, 
such as epmephiine, tyiamine hydiochloiide and other amines, ephedi me 
and espcciall) betateti ahydi onaphthylamine, all pioduce fever if given 
m sufficient doses Pinkston ^ found that completely s} mpathectomized 

6 Cannon, W B, and Quendo, A The Role of Adienal Secietion in the 
Chemical Control of Body Temperature, Proc Nat Acad Sc 10 245, 1924 

7 Aub, J C , Bright, E M, and Foiman, J The I^Ietabolic Effect of 
Adrenalectomy upon the Ui ethaiiized Cat, Am J Plnsiol 61 349 (Juh ) 1922 

8 Mclver, M A, and Bright, E M Changes in Afetabohsm Following 
Adrenal Stimulation, Am J Physiol 68 622 (klaj) 1924 

9 Con, C F , and Bvichwald, K W The Calongerac Action of Epinephrine 
m Frogs Before and Aftei Hepatcctonn, T Biol Chem 92 367 (Juh) 1931 

10 Camion, W B , Newdon, H F , Bright E AI kfenkm, V , and Itfoore, 
R Some Aspects of the PInsiologj of A.mmals Siirining Complete Exclu- 
sion of Simpatbetic Nene Impulses, Am J Plnsiol 89 84 (June) 1929 

11 Sawjer, AI E III, and Schlossbeig, T Studies of Homeostasis in 
Noiinal, S\ mpathectomized and Ergotamimzcd Animals I Tlie Effect of High 
and Low Tempeiatures Am T PInsio! 104 172 (April) 1933 

12 kleier H H Theorie des Ficbers und seiner Behandlung \'erhandl 
d dcutsch Koiig f mn med 30 15 1913 
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animals to \\hich typhoid-parat)^phoid vaccine was administered intia- 
venotisly displayed a slow use to a late and low maximum temperature, 
uith an absence of conspicuous peaks Animals subjected to the same 
type of injection, m which only the splanchnic sympathetic outflow 
was intact, showed a similar response, although the maximal tempera- 
tuie occuired earlier and distinct peaks weie moie common Cannon 
and Pereiia- found that the first temperature peak induced m normal 
animals by the injection of typhoid vaccine did not occur after inactiva- 
tion of the adrenal glands Pinkston, on the other hand, found that 
when the only lesion of the sympathetic nervous system was inactiva- 
tion of the adienal glands theie weie usually two distinct temperature 
peaks In these animals the speed of attainment of maximal fever was 
almost, but not quite, that of noimal animals 

G E Bioun and his associates,^® wishing to determine the amount 
of vasodilatation available m an extiemity affected by tin ombo-angiitis 
obliterans, followed the simultaneous courses of oral and cutaneous 
tempeiatures aftei the injection of typhoid vaccine intiavenously into 
patients afflicted with this disease During the couise of the ensuing 
chill (peiiod of using general body tempeiature) there was a marked 
fall in the cutaneous tempeiatuie of the extremity At, or just before, 
the peak of this rise there was tremendous vasodilatation, and the 
cutaneous tempeiature of the extremity rose well above the base line 
originally established The absolute nse m cutaneous temperature was 
much gieatei than the absolute use m oral temperature Accompanied 
nitli this vasodilatation, the oial temperatuie fell away from the peak 
(The authors did not follow the couise of events beyond this point ) 
Thus, in the human being, as in normal cats, the period of rising 
tempeiatuie is accompanied with vasoconsti iction , the period of falling 
tempeiatuie, by vasodilatation 

Pinkston noted pi ompt vasoconstriction, with a fall m cutaneous 
tempeiatuie, in the ear of the normal labbit aftei injection of typhoid- 
paratyphoid vaccine This appealed within a short time (5 to 10 
minutes) aftei the injection and persisted until the peak of the tempera- 
ture had been leached, to be leplaced suddenly by a rise m cutaneous 
temperature (vasodilatation) The body temperature then fell The 
course of events vas not followed beyond this point There was some 
vasoconstriction (but onl)'- in 50 pei cent of the cases) m the sympa- 
thectomized eai Inactivation of the adrenal glands appeared to do away 

13 Brown, G E , Allen, E V, and Mahorner, H R Thrombo-Angntis 
Obliterans Philadelphia, W B Saunders Company, 1928, p 182 Brown, G E 
Thrombo-Angntis Obliterans, Surg, Gynec & Obst 58 297 (Feb) 1934 

14 Pinkston, J O Peripheral Circulation During Experimental Fever, 
Am J Plnsiol 110 448 (Dec) 1934 



RANSON—FLVER AND T} PIIOW-PAR 4 1 YPHOID PACCIEE 293 


with the earl} vasoconstriction in the sympathectomizcd eai, but had 
no effect on the de]a}cd \asoconstriction (that appearing after fiom 
1 to 3 hours) 

Hewlett’' studied the rate of blood flow in the periphery in several 
cases of abrupt febrile rises due to sepsis in the human being Theie was 
a decrease m the rate of flow during the period of rising temperature 
When the temperature reached its peak there was a marked increase in 
flow^ exceeding the oiiginal rate of flow^ and pei si sting on into the 
period of falling temperature 

Fiemont-Smith, Moirison and Makepeace made direct micioscopic 
observations of the capillaries of the human nail fold during the febrile 
reaction produced by the injection of typhoid vaccine They found 
that, coincident with the onset of the fever, complete capillaiy stasis 
occurred rapidly, the stasis continuing until the temperature had nearly 
reached its height Just before the height of the temperature w'as 
reached the flow^ of blood again began m the capillaries, rapidly reach- 
ing a more than normal rapidity Capillary pulsation set in The 
temperature simultaneously began to fall The rapid flow lasted thiough- 
out the peiiod of falling temperature The authors said that they believed 
that the stasis during the period of rising temperature is due to con- 
striction of the terminal arterioles 

To summari7e The febrile process induced by the intiavenous 
injection of typhoid-paratyphoid vaccine seems to consist of alternate 
stimulation of the mechanism for conservation of bodily heat, 'iiicludmg 
the sympathetic system, and then of the mechanism for loss of bodil}^ 
heat, including the pai asympathehc system Probably the two antago- 
nistic mechanisms are stimulated simultaneously, first one and then 
the other predominating The cycle of these alternate reactions is 
apparently repeated at least several times, and the algebraic result in 
the normal animal when this particular bacterial protein is used is a 
period of many hours in which the body temperature, although rising 
and falling in cycles, is maintained at some distance above the base line 

Not all vaccines when injected into animals cause sustained fever 
Pfeiffer show^ed that chloroform-killed cholera vaccines when injected 
intrapentoneally drove the animars temperature down to 33 C , with 
signs of collapse After small doses there was merely a slight rise in 

15 Hewlett, A W The Effect of Room Temperature upon the BIood-TIovv 
m the Arm, with a Few Observations on the Effect of Fever, Heart 2 230, 1911 

16 Fremont-Smith, F , IMorrison, L R , and Makepeace, A W CapiIIarj' 
Blood Flow m Z^Ian During Fever, J Chn Inv^estigation 7 489 (Aug ) 1929 

17 Pfeiffer, R Untersuchungen uber das Choleragift, Ztschr f Hyg u 
Infektionskr 11*393, 1892 Pfeiffer, R, and Wassermann, A Untersuchungen 
uber das Wesen der Choleraimmumtat, ibid 14 46, 1893 Pfeiffer, R Studien 
zur Choleraiitiologie, ibid 16 268 1894 
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temperature After larger doses there was a slight rise in temperature, 
then in 2 or 3 hours, marked hypothermia Novy, De Kruif and Novy,^® 
among others, stated that when autolyzed suspensions of Trypanosoma 
surra, nagana and others are injected there occur “marked toxic effects,” 
with hypothermia 

One IS tempted to assume that A^arious bacterial pioteins may differ in 
their proportionate effects on the mechanisms of heat preservation and 
heat loss and that the algebraic summation of the cyclic action of these 
mechanisms results in hypeithermia in the noimal animal with the 
usual bacterial proteins, but causes hypothermia m the normal animal 
when cholera and trypanosome vaccines are used 

Further, it mzy be assumed that if the mechanism of heat preserva- 
tion or of heat loss oi the mechanism coordinating them is abnormal 
injection of the usual bacteiial proteins may produce hypotheimia in 
animals possessing the abnormal mechanism, although the protein 
injected is one that ordinarily produces a hyperthermic response Thus, 
mere preliminaiy etherization of the animal foi fiom 5 to 10 minutes 
IS often sufficient to lender its response so abnormal that hypothermia 
results from the injection of typhoid-paratyphoid vaccine, in spite of 
the fact that etherization of that duration will not of itself pioduce any 
noteworthy fall in temperature Much more striking w^ere the lesults 
obtained by injection of typhoid-paratyphoid \accine intravenously into 
cats with certain hypothalamic lesions The cats lesponded m a cjchc 
manner, but the falls m temperatuie much exceeded in magnitude the 
rises, the final algebiaic result being sustained and tremendous hypo- 
thermia (5 to 11 F ) (These lesults will be published in detail in a 
sepal ate paper ) 

The infrequent fatal and near fatal reactions which have occuried 
as a result of the injection of typhoid vaccine bj the various routes 
have not been adequately described oi explained Reported during these 
reactions have been dyspnea and cyanosis (Nichols and Hitchens^®), 
vomiting and marked fall in blood piessuie (Scully-®), and dyspnea, 
cyanosis and dilatation of the heait (Hale and Haitman In none of 
these cases were lecords of the temperature made until theie w'^as marked 
improvement in the patient’s condition Some of these violent reactions 
are reminiscent of the parasympathetic symptoms attendant on the 

18 Novy, F G , De Kruif, P H, and Novi, R L Anaphylatoxin and 
Anaphylaxis, J Infect Dis 20 499, 535, 566, 589, 618, 629, 657 and 776, 1917 

19 Nichols, H J, and Hitchens, A P The Reactions of Typhoid Vaccina- 
tion, J Lab & Clin Med 11 517 (March) 1926 

20 Scully, F J The Reactions After Intiaienous Injections of Foreign 
Protein, J A AI A 69 20 (July 7) 1917 

21 Hale, G D , and Hartman, F W The Dangers of Intravenous Injec- 
tion of Anti-T 3 phoid Vaccine, U S Na\ M Bull 12 1 (Jan) 1918 
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phases of falling temperature in the cats in the experiments reported 
here, especially in the abnormal animals in which hypothermic and para- 
sympathetic reactions predominated 

There seems to be general agreement that epinephrine is the treat- 
ment of choice m these accidents and that its administration is actually 
followed by amelioration of the symptoms (Nichols and Hitchens and 
Hench -^) Hench also mentioned the use of atropine m these situa- 
tions The reactions have been regarded by many as expressions of 
anaphylaxis (among others, Hale and Hartman and Nichols and 
Hitchens^®), but this view is by no means universally held (A'lillei - ) 

From 1914 to 1920 there was considerable mteiest m the treatment 
of typhoid by the intravenous injection of typhoid vaccine The lesults 
were stiiking From half an hour to an hour after the injection there 
occurred a chill, lasting for from 10 to 20 minutes, the tempeiatuie 
using to 40 or 41 C and then falhng sJtajply fa iwinial oi zvell below, 
usually with marked sweating, often nausea and vomiting, and profuse 
liquid diarrhea in cases in vhich constipation had previously been 
present (among others may be cited Leschke,-'* Sladek and Kotlowski,-® 
Eggerth,^® Kraus*' and Von Adelung-®) That this striking tempera- 
ture reaction was not anaphylactic was shown by Kraus,*® for intra- 
venous injection of Bacillus cob vaccine in cases of typhoid produced 
similar results in his experience Indeed, so did intravenous injections 
of deutero-albumose (Ludke It may be assumed in the light of the 
foregoing discussion that the injection of vaccine intravenously into 
patients with typhoid produces after a preliminary rise in temperature, 
\Mth predominance of the heat retention mechanism and sympathetic 

22 Hench, P S Usual and Unusual Reactions to Protein (Fever) Therapy, 
Arch Int ^led 49 1 (Jan) 1932 

23 Miller, J L The Xon-Specific Character of Vaccine Therapy, JAMA 
69 765 (Sept 8) 1917 

24 Leschke, E Erfahrungen uber die Behandlung der Kriegsseuchen, Berl 
khn Wchnschr 52 634, 1915 

25 Sladek, J , and Kotlowski, S Zur Vakzmetherapie des Tj phus abdominahs 
Wien khn Wchnschr 28 389, 1915 

26 Eggerth, H Ueber die Behandlung des Tjphus abdominahs mit Tjphus- 
vakzine, Wien khn Wchnschr 28 209, 1915 

27 Kraus, R Bemerkungen uber Schutzimpfungen und eine Bakteriotherapie 
des Tjphus abdominahs Wien khn Wchnschr 27 1443 (X'ov ) 1914 

28 Von Adelung, E Vaccine Treatment of T^phold, California State J kfed 
18 175 (Mav) 1920 

29 Kraus, R Zur Prage der Vakzmetherapie des Tjphus abdominahs, 
Deutsche med Wchnschr 40 1556, 1914 

oO Ludke, H Die Behandlung des Abdommaltjphus mit intra\enosen 
Injektioncn \on Albumoscn, Munchen med Wchnschr 62 321 (l^farch) 1915 
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stimulation, the usual cyclic shift to predominance of the heat loss 
mechanism, with parasympathetic signs , but this phase of the cycle, f oi 
reasons which aie not obvious, is maikedly exaggeiated and prolonged 

SUMMARY 

Typhoid-paiatyphoid vaccine was injected intiavenously into six- 
teen normal cats The lesultant tempeiature curves were recorded 
continuously for 20 hours The reaction m the noimal cat to the injec- 
tion of typhoid-paratyphoid vaccine intiavenously, nhich is described 
in detail, consists essentially of c)^clic stimulation, first of the heat 
elaboration mechanism, with sympathetic signs, and then of the heat 
loss mechanism, with parasympathetic signs The heat preservation 
mechanism predominates, so that the algebraic lesult is hyperthermia 
of a sustained natuie Theie are usually thiee tempeiature peaks, the 
third one being highei than the second and the second being higher than 
the first 

When the mechanism of heat preservation oi of heat loss, or the 
mechanism coordinating them, is abnormal, the leaction to the injection 
of the vaccine may be one in which the heat loss mechanism, with paia- 
sympathetic signs, predominates, and the algebiaic result may be marked 
and sustained hypothec ima, although the bacterial protein is one which 
ordinarily produces hypeithemia This abnoimahty of the mechanism 
of the animal which has been given an injection of vaccine may result 
fiom preliminary etherization or from localized lesions of the hypo- 
thalamus 

Ceitam bacterial piotems appaiently difiei fiom the usual bacterial 
proteins in that when injected into the iio) iiial animal they produce a 
cyclic response in which the heat loss mechanism, with parasympathetic 
signs, predominates, and the result is sustained and marked hypothenma 

Violent clinical reactions to the injection of typhoid vaccine and the 
lemarkable thermolytic response which have been obtained by the intra- 
-venous injection of typhoid vaccine during the course of typhoid aie 
■considered m the light of the preceding discussion 
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I DISEASES OF AIETABOLISAI 
B\ Dr Wilder 

DISORDERS ,Or FAT l^IETABOLISM 

Choleste} ol Metabolism — Dis Thannhausei and Magendantz ^ ha\e 
given me peimission to include m this section the following lewev of 
a paper of theiis to be published m the neai futuie Di Thannhausei 
and his associates aie lecognized as outstanding authoiites on cholesteiol 
metabolism, a subject which only lecentl), and to a gieat extent thiough 
then efloits, has become somewhat undei standable It now is well estab- 
lished that the nucleus of the sterols can be manufactuied in the bod} 
although It lemains not definitely known m uhat cells oi oigans this 
s}nthesis is accomplished It is suspected that it is accomplished in 
the livei , at least the lalue foi cholesteiol m the blood is loweied bi 
hepatectoni} Noi is theie knowledge as yet as to what law mateiial 
selves as the souice of the steiol skeleton, othei than that ceitam } easts 
aie able to make eigosteiol fiom various sugais — best fiom pol}sac- 
chaiides Balance expeiiments with cholesteiol aie of little help in 
deciding whethei the iing s}stem of cholesteiol can be disiupted m 
mteimediaiy metabolism, foi the leasoii that excietion occuis into the 
bowel and destiuction of cholesteiol can be eftected theie b} bacteiia 
Dismtegiation pioducts of the steiols, m wdiich the steiol img skeleton 
IS bioken up, ha^e not been found m the blood or tissues, although 
deiivatnes dependent on changes m the side chain like the sex hor- 
mones aie well knowm 

From the Dnision of Alediciiie, the AIa\o Clinic (Dr Wilder) ind the 
Stanfoid UnuersiU School of Aledicine (Dr Wilbur) 

1 Thannhauser, S T , and Afagendantz, H Tiie Different Clinical Groups 
of Xanthomatous Diseases A Clinical Plnsiological Stud\ of Twent\-Two Cases, 
to be published 
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The esteiification of cholesterol occurs m the hvei, if one may judge 
fiom, the fact that that part of the value for the total cholesterol of 
the blood attubutable to cholesteiol esters frequently is diminished in 
disease of the parenchyma of the livei Reduction (hydrogenation') 
to dihydrocholesterol can occui, as was leported by Schoenheimer and 
Hrdma,- who demonstrated dihydrocholesteiol in the seium and tissues 
of normal men and inci eased amounts of it m the seium and tissues 
of a patient with xanthomatosis However, the bile acids, which it was 
supposed might be deiived fiom a stereo-isomei of dihydrocholesteiol 
and thus from the sterols of the food, apparently are not so derived 
but originate b})" synthesis m the liver It was found by Schoenheimei 
and his co-woikers that when deuteiium was attached to the double bond 
of cholesterol and this deuteiium cholesterol was fed to animals, the 
bile acids afterwaid contained no deuterium 

The ability of the intestine to exciete cholesteiol varies with the 
species, m man, accoiding to Schoenheimer, theie is vai lability with 
the individual Herbivoious animals, while capable of absorbing it, can- 
not exciete it, which may explain the ease with which hypercholestere- 
mia, with consequent atheromatosis, is obtained by feeding cholesteiol 
to labbits The phytosteiols of plants aie not absoibecl by eithei heibi- 
voies or carnnores, the possibility of favorably affecting conditions of 
hypeicholesteiemia in man by omitting animal fats fiom the diet was 
suggested theieby 

An impoitant function of cholesterol is indicated “by the fact that 
cholesteiol and cholesteiol esters aie piesent m a constant peicentage 
m eveiy lipid mixture occui ring on the suiface oi within the cell”® 
Cholesterol is a hj'^diophobic colloid and thus plays a pait m the 
exchange not only of fat-soluble mateiial but also of fluid The presence 
m the tissues of dihj-diocholesteiol suggested to Thannhauser and 
Magendantz anothei function — a lole in an oxidation-i eduction system 
(cholesteiol dihydiocholesteiol) 

Hypercholestei emia may be taken to indicate that the excietion of 
cholesteiol is not in pace with the supply, whether endogenous or exog- 
enous Its OCCUI rence usually is associated with that of cells filled with 
lipids, called foam cells or xanthoma cells Such cells aie found in 
widely scattered nests m various oigans oi accumulated m tumoious 
masses, called xanthomas, in the skin and othei tissues Howevei, as 

2 Schoenheimer and Hrdma, cited bj'- Thannhauser and Magendantz i 

3 I am not familiar with the evidence which supports this statement The 
percentage of total hpid represented by cholesterol and cholesterol esters, as 
determined by chemical analyses of blood and xanthoma tissue, varies greatly 
(see Montgomery and Osterberg 
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Thanniiauser and Magendantz ha\e related conditions in which foam 
cells and xanthomas occur are not alwa}s dependent on an excess m the 
blood of cholesterol or other lipids 

Xanthomatosis — The xanthomatoses ha\e been classified b> Thann- 
hauser and jMagendantz as primar}"^ and secondary The secondar} type 
they ha\e attributed to hyperlipemia Characteristic of it is the “erup- 
tne” xanthomatosis of diabetes The primarj t>pe the\ ha\e subdivided 
into conditions characterized by elevated values for blood cholesterol 
and conditions characterized b}^ normal \ allies for the cholesterol and 
other hpids of the blood The occurrence of xanthomatosis without 
hyperlipemia led them to depart from the view of Pick, that the xan- 
thoma cell IS simpl} a reticular cell overloaded wutli hpids as a result 
of hjperhpemia depending on some (unestablished) extracellular gen- 
eral disturbance of fat metabolism, and to suggest that the disturbance 
in question is intracellular and limited to certain reticular cells They 
concluded that in those cases m which they classified the condition as 
primary or essential xanthomatosis, the xanthoma cells themselves form 
the doubly refractile substance they contain The} ha\e pointed to 
analogies in other diseases of lipid metabolism as follows In Gau- 
cher s disease similar foam cells contain cerebrosides, w'hereas the blood 
contains onh traces of cerebrosides Likewise, in Niemann-Pick disease 
the content of the foam cells consists of diaminophosphatides (sphyngo- 
inyehns), wdiereas the lalues of the blood serum for mono-aminophos- 
phatides and diaminophosphatides are normal or even low er than normal 
Further to emphasize this point of Mew, Thannhauser and Magendantz 
have suggested the term metaplastic reticular cholesterosis for essential 
xanthomatosis, metaplastic reticular cerebrosidosis for Gaucher's disease 
and metaplastic reticular sphyngomyelinosis for Niemann-Pick disease 
Primar} xanthomatosis, “a sistemic disease," ma} be complicated 
b} an eruptive xanthomatosis secondar} to Inperlipemia The eruptive 
form IS a s} mptom of hpemia, and, in addition to occurring m diabetic 
lipemia ma} be seen in other states of h}perlipemia such as xanthoma- 
tous biliar} cirrhosis wdierein hpemia is produced and eruptive xantho- 
mas are added to those preMOusly existent 

The two t}pes of primar} or essential xanthomatosis, that with and 
that without h} percholesteremia, differ in other characteristics In 
t}pe A the lesion of the skin is either the xanthoma planum or the 
xanthoma tuberosum . w ith it occur xanthomas of the tendons and 
tendon sheaths of the blood lessels and of the walls of the bile ducts 
(with secondary biliar} cirrhosis) In t}pe B (without Inpercholes- 
teremia) the lesion of the skin is the xanthoma disseminatum , the 
pituitar} bod} and the brain ma} be in\ oh ed. and xanthomatous nodules 
ma} fonn in the membranous bones and in the orbit proioking the 
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Hand-Scliuller-Christian sjndiome HowcAei, othei bones, including 
the long bones, may be aftected and also the lungs and the pleura The 
two types of pinnai}^ xanthomatosis are not iigidly distinct, as is indi- 
cated by the necessity for adding a “combined type” to the classification 
Thannhausei and Magendantz have classified the condition in 3 cases 
reported in the literature as of this combined type 

Another extensive discussion of xanthomatosis is contained in a 
paper by Montgomeiy and Osteiberg,'* whose comments likewise have 
been based on a study of a large numbei of cases The most common 
form of cutaneous xanthoma, known as xanthoma tubeiosum, was 
found almost invariably to be associated with an increase in the values 
foi all the lipids of the blood, including cholesterol, of fiom two to 
five times the normal values Also associated m a high peicentage of 
cases was evidence of atheromatous lesions of the aiteries Thus, in 6 
cases the clinical findings suggested the presence of coronary scleiosis, 
in 3 additional cases mteimittent claudication was obseived, and in 3 
more there was othei evidence of seveie caidiovasculai involvement 
Three of the 4 patients with intermittent claudication (none of whom 
were Jews) and 3 of the patients with evidence of coronary sclerosis 
were women, which fact, combined with the eaily age of these patients — 
46 years — suggests that this foim of atheiosclerosis diffeis in etiolog} 
from the more common types of atherosclei osis and arteriosclerosis 
Forty-six per cent of the group of 26 patients with xanthoma tubeiosum 
had severe carcho\ asculai disease Baikei,'^ in 2 of these cases, made 
special studies and convinced himself of the piesence of seveie occlusive 
arterial disease The values foi blood cholesteiol exceeded 600 mg pei 
hundred cubic centimeteis, which is moie than double the highest value 
for cholesterol found by him in a senes of cases of the usual foim of 
aitenoscleiosis obliteians 

Disseminate xanthomatosis, repiesented by 4 of the cases of Mont- 
gomery and Osterbeig, is chaiacteiized b}'- multiple fine papulai lesions 
of the skin of the flexuial sui faces of the aims and fiequently of the 
face The mouth, phaiynx and larynx also may be involved Laryngeal 
obstruction necessitated tiacheotomy in 2 of these cases Mild diabetes 
insipidus also was piesent in 3 cases, and in 1 deposits of foam cells 
and deposits of cholesteiol weie seen at neciops)'^ in the hypophysis and 
tuber cmeieum In contrast to the values in cases of xanthoma tubero- 

4 Montgomer^ , Hamilton, and Osterberg A E Xanthomatosis Cor- 
relation of Clinical Histopathologic and Chemical Studies of Cutaneous Xanthoma, 
Arch Dermat & Ss'ph , to be published , Xanthomatosis A Svstemic Disease, 
Proc Staff Meet, Ma}o Clin 12 641-644 (Oct 13) 1937 

5 Barker, N W Occlusive Arterial Disease of the Lover Extremities 
Associated with Lipemia and Xanthoma Tuberosum, paper read before the 
Central Socieh for Clinical Research, Chicago, Nov S, 1937 
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sum, the values foi the hpids m tin* scium wcie iioim.il oi suhnoim.il 
In many of llic eases of xanlheaiia tuheiosum the liyperhjKima eetulei 
he eorrected, and paitial oi eomplete* mvolulion of the cutaneous lesions 
eould he effecteel hy means of a diet leew m fat en fiee fiom ehole-^teieil 
ffice- frenn animal fat; Jn eontiast, m the eases of dissemin.ite' xantho- 
matosis the eutaneous lesions eenilel not he mnueneed In these eiietai) 
pioceduies On the othei hand, the histolfjf^ic .ijiiieaianee eif the tuhei- 
ous anel that of the disseminate foim of xanthoma weie lelentieal, 
revcalm^^ numerous fejam cells and so-called d eiuton f^iant cells l.ielen 
with lipids, the ehemieal anal}- sis of lesions of both t}])cs ie\ealed <i 
"dermite pi ejjjortionate meieasc m the eheelesteiol content, ieaehint( as 
high as 64 pei cent of the total lipiels anel eliojiping to 18 pei cent onl} 
in one old fihiotis nodule which histologieall) levealeel \eiy feu foam 
cells” 'J his ehedcsteiol content is much gieatei th.in that found m 
normal epidermis, and m 6 of 7 cases it exeeedeel the noimal jieieentage- 
ratio found foi the lijiids of the blood 

d he lesiein of the skin of the eyehels known as xanthelasma com- 
monly has heen regareleel ,is having no seiious significance d hat this 
oi>mion may he eironeous and that xanthoma jxdjiebiaium also ma} 
upiesent a metaholie ehsease weic suggested d his condition fiee|uentl} 
was seen m association with othei foi ms of xanthoma of the skin, the 
histologic jiietuie w<is found to be similai to that of othei foi ms of 
>anthoma, and even in eases in which the only le-sion e;f the skin was 
xanthelasma the values foi seiiini lipids fieepiently ueie abnoimally 
high 

Montgomeiy and Osteiheig stated that the} did not shaie d hann- 
hauscr’s opinion tlxit the cholesteiol m the xanthoma is piodueed in 
situ ddiey said it did not seem logical to them to exjilain the hy])ei- 
lipemia and hyiieieholesteiemia m eases of xanthom,i tuberosum by the 
pioduction of lipids in the lelatncly few eutaneous noelules seen, and 
while the absence of mci eased values foi blood lipids in cases of dis- 
‘•eminate xanthomatosis might be cxpl.uned In abnoim.d stoiage, the 
existe-nce of such c,ises they regaided as o]>j)osed to the theoie biii- 
thermoie. theie aic nunieious eases in which hypcihjicmia has not been 
assoei.ited with eutaneous xanthom.is One of these was lejjoited fieam 
the Mayo Clime hy Oehsner and Connei *’ ddie patient was a noman 
S5 ye,ais of age She had been ill foi less than two eeais with caidiae 
episodes and moderate eleeation of the hlood piessure d he blood nas 
milky, and examination iceealed -values foi tot.il lipids, total fatt} acids 
•iiid cholesteiol of 2,638, 1971 and 667 mg, lespcctivch, pu hundied 

C) Oclisner, II C, .inrl Conner, II M Lipemia A< ronij) tiiitel l)\ Allicroin- 
alotm .iiul Ocrhi‘-n( Vnstiil ir Disease Ktporl oi a Case .nui Pirlnl Review 
of tlu Literature Ann Int Med 10 258-269 fAtiv) 1936 
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cubic centimeters Six months later an attack of coronal y disease 
proved fatal, the necropsy i evealmg as the only abnoi mality an extreme 
degree of atherosclerosis of the arteries The liver weighed 1,983 Gm 
It was only moderately infiltrated with fat and otherwise was not abnor- 
mal So far as could be determined this patient had always had a well 
rounded dietaiy, not unusually rich m fat or cholesterol The elevation 
of the lipid content seemed, therefore, to be on the basis of an anomaly 
of lipid metabolism, and the authors postulated that this was primary 
and the atherosclerosis secondary The alternate supposition, that the 
atheromatous lesions m the aiteries were primar)^ and the lipemia was 
attributable to rupture of atheromatous “abscesses,” seems improbable 
However, it is possible that atherosclerosis such as this represents 
xanthomatosis limited to the arteries 

For many years patients with epilepsy have been treated at the Ma}o 
Clinic with the so-called ketogenic diet, in which the content of carbo- 
hydrate usually IS less than 25 Gm , that of piotem not more than 60 
Gm and that of fat, depending on the total number of caloiies required 
by the patient, varying up to more than 200 Gm Such symptoms as 
those complained of by the patient of Ochsner and Conner have never 
been encountered m these patients However, in 2 children who died 
of other causes small atheiomatous plaques were seen m the aiteries 
The value for lipids m the blood of patients on the ketogenic diet is 
almost never abnormally high, but recently my colleagues and I have 
had experience with a case m which there developed an atypical form 
of eruptive xanthomatous lesion of the skin associated with hyper- 
lipemia When the ketogenic diet was discontinued, the abnormality 
disappeai ed 

It IS my guess from the evidence presented and from other experi- 
ence that cholesterol production is a function of reticulo-endothehal cells 
wheiever located, that a second function of these cells is to remove 
cholesterol and othei lipids from the blood when the level exceeds what 
IS physiologic, and that m xanthomatosis and possibly also m athero- 
sclerosis some of these cells, because of biologic mfeiiority, become 
incapable of disposing of the cholesterol they themselves have made 
(xanthomatosis without hyperlipemia) or have absorbed from the blood 
stream (xanthomatosis with hypeilipemia) and thereby take on the 
appearance of foam cells The cause of the hyperlipemia may be either 
an increased rate of synthesis of cholesterol by abnormal reticulo- 
endothelial cells or a high intake of cholesterol by persons who are 
incapable of maintaining a normal rate of excretion of cholesterol 
( Schoenheimer and Hrdma) 

Tieatment of Cholestei osis — Little is known about the treatment 
of conditions associated with excessive accumulation of cholesterol A 
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diet restricted in animal fat is sometimes eftectne. as has prcMOUsh 
been stated Exposure to roentgen ra3s is said to be of some effectne- 
ness m xanthomatosis of the t3pe not associated A\ith Inperhpemia and 
in recent 3'ears a number of writers ha\e affirmed that iodine in laige 
doses inhibited the atheromatosis produced m labbits b3 feeding them 
cholesterol Thiersch," of the pathological institute in Freiburg has 
commented on this and has also presented the results of expeiimcnts 
on rabbits with a preparation of a pure extract of garlic, in combination 
with deox3fcholeic acid Garlic, it seems, is an old “folk remed3” foi 
arteriosclerosis A dose repiesentmg 5 Gm dail3'^ of garlic loot w'as 
given to 33 animals, together with 0 3 Gm dail3' of cholesteiol for 
nmet3' da3's Eleven controls leceived onl3 the cholesterol At the end 
of the trial period the aoita and blood weie anaEzed for cholesterol 
The a^ erage values for the rabbits recen mg cholesterol and garlic w'ere 
185 and 405 mg pei hundred cubic centimeteis, lespectueh Those foi 
the rabbits recening onl3'’ the cholesterol w^eie 543 and 641 mg respec- 
tn el3' 

XaiifJiouiafosis and Hype; hpemia in Diabetes — In a case reported b\ 
Nicholson® undei the title “Xanthoma Diabeticorum" theie were main 
of the chai actei istics of the Cushing s3ndiome At the age of 21 3'ears 
the patient gamed 80 pounds (36 Kg ) 111 four months showed puiphsh 
stnations of the skin and had w^eekh headache in both temporal legions 
He had held this w'eight tw'ent3^ 3eais. and fiAe wrecks befoie examina- 
tion noticed a papulai xanthomatous eruption affecting the entire bod3 
except the face H3pei tension, poEc3dhemia, h3’'peigl3cemia (207 mg 
of sugar per hundied cubic centimeteis) and ghcosuria weie found 
Theie was no acidosis, and the diabetes was so mild that it was con- 
ti oiled without difficult3 b3 a lestricted diet and 15 units of insulin 
The cholesteiol content (total) at the fiist examination was 543 mg 
pel hundi ed cubic centimeters After f 0111 months, the diet ha\ mg been 
restricted iigidl3’’ as to fat, the cholesterol content (total) had fallen to 
262 mg The ester fraction was high, and no eMdence of hepatic disease 
was obtained I wonder whethei the teim xanthoma diabeticoium 
should be used foi cases such as this in which the diabetes is mild 
Similar tubeious xanthomas ha\e occurred m patients who had no dia- 
betes, and frequenth the3 ha^e lesponded to restriction of the intake 
of fat Nicholson’s patient prexioush had not been on a diet unusualh 
high in fat and although ghcosuiia existed theie was no ketosis It 

7 Thitr'^cli, H Die Einwirkiing: des Knoblauclis auf die cxpcnmentellc 
Ciiolestcnn- Vthcromatose des Kaninchens Ztsclir f d ce^ e\per '\lcd 99 
473-477, 1936 

S NiclioEon W M Xanliioma Diabeticorum Internat Clm 4 71-77 fDcc ) 

1937 
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IS tiue that improvement m the xanthomatous eruption followed control 
of the diabetes, but this contiol involved lestnction of the intake of 
fat to 40 Gm , which pei haps was more responsible than anything else 
Nicholson admitted that the i elation in the case of the symptoms of 
the Cushing s}ndrome was speculative, and even though Anselmmo and 
Hoffmann claimed, as he said, that extracts of the anteiioi lobe of the 
pituitary gland cause hypei cholesteremia and ketonemia, their work is 
not fully substantiated Hypercholesteremia and ketonemia are not 
characteristic of the Cushing syndrome, and in Nicholson’s case there 
was no ketonemia Values for cholesterol (total) of more than 300 
mg pel bundled cubic centimeteis aie rarely obtained for patients with 
uncomplicated diabetes except when they are m acidosis, and most 
instances of eruptive xanthomatosis that occui in diabetes are found 
m patients with acidosis with highei values than this It seems to me 
that the term xanthoma diabeticorum might be reserved for them and 
that cases like that which Nicholson has repoited represent an inde- 
pendent disease 

Campbell ” made the suggestion that a lasting mciease m the content 
of blood fats m diabetes results not when more fat is obtained fiom 
the food but when there is an extieme demand foi fat as fuel because 
of the absence of available carbohydrate Much evidence supports this , 
however, even m diabetic acidosis values for total cholesterol of more 
than 300 mg do not occui with any legulanty In only 22 of Joshn’s 
94 cases of “coma” did the Aalue exceed that figure 

Xanthomas of the skin are seen infrequently m diabetes, even when 
the values for the seium lipids aie elevated Nicholson mentioned 1 such 
instance, a patient at Duke Hospital had a markedly elevated fat con- 
tent (total cholesteiol, 990 mg, pei hundred cubic centimeters, choles- 
teiol esters, 513 mg, and total lipids, 8,136 mg) Marked lipemia 
apparently will not produce damage to reticular cells unless these orig- 
inally are inadequate 

Noimal Vacations vi Setum Lipid Values — Studies fiom the 
department of psychiatry of the Yale University School of Medicine 
by Man, Gildea and their associates indicate that the levels of the 
lipids of the serum are affected by malnutrition and b}'' fat meals and 
that they usuall} are highei foi healthy men of pyknic build than for 
those of the leptosomatic type, but that for the same subject they vary 
from time to time In a recent paper report was made of examination 
at intervals, for peiiods of three months to four years, of 4 healthy 

9 Campbell, J N H Critical Review Cholesterol in Health and Disease, 
Quart J Med 18 393-422 (July) 1925 

10 Man, Evelyn B, and Gildea, E F Variations in Lipemia of Normal 
Subjects, J Biol Chem 119 769-780 (July) 1937 
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men and 6 healthy women The extreme range for the cholesterol ^ alues 
of the serum was from 173 to 236 mg pei hundred cubic centimeteis, 
a difference of 31 pei cent The extieme lange foi lipid phosphorus 
A^alues was 23 pei cent and foi fatty acids 37 per cent That the differ- 
ences weie not related to hemoconcentration was shown by the fact that 
the values for the total piotem of the blood were not affected m the 
same manner No relation was found to the slight changes m weight 
which occLiired in seveial of the subjects, to the season of the year 
or, 111 the case of the women, to the menstrual cycle The fact is con- 
sistent with the usual wide range of noimal cholesterol values described 
by Page, Kirk, Lewis, Thompson and Van SljLe In cases of mal- 
nutrition, on the other hand, when the cholesteiol values were found to 
be below normal for 26 of 31 patients, they varied widely wuth the state 
of nutiition 111 10 patients who weie followed for two to ten weeks, 
impiovement in nutrition was accompanied with an increase of from 
32 to 101 mg pel bundled cubic centimeters, even when the first obsei- 
lations weie not below the noimal laiige This and the progressive and 
consistent vaiiations in the cholesteiol values observed by HurxthaK" 
and otheis aftei the administiation of thyroid to patients with myx- 
edema, aftei the administration of iodine to patients with hypeithy- 
roidism and after treatment of patients m diabetic acidosis are in sharp 
contrast to the unaccountable variations of lesser degree shown by the 
normal subject 

So urn Lipid Follies in Diabetes — In a study of 79 diabetic patients 
ivho had no acidosis, Man and Peteis found the values of the serum 
for cholesteiol to be normal for 42, below noimal for 9 and above normal 
for 28 Theie was close coi relation wuth the values for phospholipids, 
and there was less correlation wuth the values for fatty acids, but gross 
changes m one component were leflected m the other "The value foi 
cholesterol did not appeal to he i elated to the seventy of the diabetes, 
the fat in the diet oi the degiee of ai tenosclei osis'’ The subnormal 
values appealed for the most pait associated with hypoprotememia m 
patients who w^eie malnourished Moderate elevation was obseived m 
obese w^omen, but it appeared to be related to the pattern of obesity 
rathei than to the diet 

Seveie hypeicholesteremia when encounteied in these cases usually 
Avas leferable to complications It also occtined in a giotip of patients 

11 Page, I H , Kirk, E , Lewis, W H, Jr , Thompson, W R, and Van 
Sljke, D D Plasma Lipids of Normal klen at Different Ages, J Biol Chem 
111 613-639 (Nov ) 1935 

12 Hurxthal, L AI , cited by Man and Gildea,Ao 

13 Man, EA^ehm B , and Peters, J P Lipoids of Serum m Diabetic 
Acidosis, J Clin Investigation 13 237-261 (March) 1934 
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with instability of the vasomotor reactions Acromegal}' existed in 1 
case, but in the great majority it was impossible to implicate the pituitarj 
body In some cases there were symptoms suggesting a lesion of the 
brain stem (Parkinson syndrome, diabetes insipidus or some other con- 
dition) The basal metabolic rate frequently was elevated , nevertheless 
most of the stigmas of hyperthyroidism were lacking 

Seiiim Lipid Values in Diabetic Acidosis — In diabetic acidosis, 
dehydration is responsible for many of the abnormahtes encountered, 
including those in the values for the hpids of the blood Changes in the 
values for hpids before and after treatment were compared by Man and 
Peters,^® with variations in the concentration of serum protein, which 
were taken as an index of the degiee of dehydiation They had demon- 
strated before that noimal capillaries are equall} impermeable to pro- 
teins and hpids In 15 cases of diabetes at the height of acidosis the 
values foi cholesterol weie above the normal levels for the subjects 
in question Thev fell rapidly during lecovery, then fall being paral- 
leled by the course of the values for serum protein in all cases except 3 , 
in these 3 cases the fall was greatei than that of the value foi piotein 
The reductions m the values foi nonphosphohpid fatty acids and lipid 
phosphorus exceeded those for cholesterol in most cases The choles- 
terol value during the height of acidosis was greater than 300 mg pei 
hundred cubic centimeters m only 5 cases, and when coirection w^as 
made for heinoconcentiation this w'as true in onlj 3 cases Man and 
Peters, like Campbell, found reason for connecting the increases in the 
value foi fatty acid with carbohydrate staivation, wdiich by increasing 
the demand foi consumption of fat provokes a mobilization of nutritive 
hpids from depots m the body This theorj they attiibuted to Blix 
who before the introduction of insulin obseived that the values foi 
hpids in the serum of diabetic patients w’^ere higher before breakfast 
on the morning aftei a fast day than they vveie seveial hours aftei 
the ingestion of biead alone or a breakfast containing 35 to 50 Gin 
of fat 

Evidence foi a direct effect of insulin on the fatty acids of seium 
has been sought bv a numbei of investigators with lesults, accoiding to 

14 The question of the relation of cholesteremia to the arteriosclerosis of 
diabetes, with particular reference to the studies of Duff, Weiss and Minot, Watson 
and Wharton, and Hunt, who also concluded that the values for blood hpids are 
not related to the degree of arteriosclerosis m diabetes, vv'as considered in a previous 
review (Wilder, R M Diseases of Metabolism and Nutrition, Arch Int Med 
57 434-435 [Feb] 1936) 

15 Man, Evelv n B , and Peters, J P Serum Lipoids in Diabetes, J Chn 
Inv'estigation 14 579-594 (Sept ) 1935 

16 Bhx, Gunnar Studies on Diabetic Lipemia, Acta med Scandinav 64 
142-259, 1926 Page 234 is of particular interest 
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Man and Peteis, ^\hlch aie unconvincing ]\Ian and Peteis leported 
that foi 10 of their patients vho did not have acidosis no diffeience 
could be deinonstiated between the values foi the lipids of the serum 
before and those obtained one hour aftei the morning dose of insulin 
Thus, vhat deciease in blood lipid ^alue occurs aftei treatment of 
acidosis, be}ond that vhich can be asciibed to hemodilution, is to be 
attnbuted they claimed, to the recognized effect of insulin on carbo- 
hydiate metabolism, lathei than to any supposititious diiect effect on the 
mobilization or combustion of fat 

Senan Caiotcne — Frequently in conditions associated with hypei- 
lipemia, whethei xanthomatosis is piesent or not, the seium and the 
skin of the patient are yellowed by xanthochiome pigments (carotene 
and xanthophyll) In a study of the subject made seveial years ago 
in the division of medicine of the Mayo Clinic. Boeck and Yater 
found that in 100 patients Mith diabetes and 53 patients suffering fiom 
othei diseases chosen at random, xanthemia occuried in 86 per cent of 
those with diabetes, m 100 pei cent of those with renal disease and in 
89 pel cent of those with miscellaneous diseases Xanthosis, on the 
othei hand, defined as yellowing of the skin due to the deposit of 
lipochiome pigments, was present m 9 per cent of the patients with 
diabetes (2 of these patients also had xanthomatosis), m 9 per cent of 
those with renal disease and in 3 per cent of those with othei diseases 
Of 36 patients whose condition originally was diagnosed as xanthosis, 
10 were diabetic and 26 either had other diseases oi , with the exception 
of the xanthosis, were normal Thus, these conditions are by no means 
to be considered manifestations of diabetes, as originally was supposed 
b) von Noorden Appaiently there is a gi eater tendency for xanthosis 
to deAclop when the diabetes is severe, but even seveie diabetes may 
not reveal this complication, and the evidence does not warrant the 
conclusion that the presence of xanthosis in diabetes unfaiorably affects 
the course of the disease 

What causes xanthosis is unknown It occurs moie commonl} when 
the diet has p, high lipochiome content, but individual variation must 
exist m the abilitj to oxidize and exciete the pigments, because many 
patients show neithei xanthemia nor xanthoses with diets equally high 
in hpochromes Theie also is insufficient evidence at present to permit 
attributing the phenomenon to any fault in the metabolism of fat , 
although xanthosis usually accompanies hyperlipemia and xanthoma- 
tosis, it also occuis independentl}’^ The ease of oxidation of the pig- 
ments themselves is the probable explanation Palmer showed that 

17 Boeck, W C , and Yater, W M Xanthemia and Xanthosis (Carotinemia) 
A Clinical Stud^, J Lab & Clin Med 14 1129-1143 (Sept) 1929 

IS Palmer L S Carotinoids and Related Pigments The Chromohpoids, 
New York, The Chemical Catalog Co, 1922 
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oxidation accounts for the normal disappeai ance of these pigments in 
both human beings and animals 

Heymann/® aftei determining the content of carotene m the blood 
serum at intervals aftei the administration of carotene m oil to 10 
diabetic and 12 nondiahetic children, concluded that carotene metabo- 
lism is interfered v^^ith in diabetes, and Ralh and her co-woikeis have 
come to the same conclusion They explained that the difficulty is 
due to failure of the liver to convert caiotene to vitamin A but offered 
what seems to me insufficient evidence to establish such a conclusion 

Impoi tance of Fat in Nutution — It is impoitant not to be overly 
alarmed by the evidences of injui}'^ fiom fat foods It must be remem- 
bered, as the Buns and Miller-^ have emphasized, that the diet of 
human beings often is exceedingl)' low in fats of any kind and that 
many fats m use toda} contain few acids more unsatuiated than oleic 
acid It IS not impiohable that diets high m carbohydrate and piotem, 
by carrying an inadequate amount of unsaturated oils, are contiibutory 
factors to the development of diy skin, disturbed renal function, steril- 
ity, anemia and other pathologic conditions The hvei appaiently is 
limited in its ability to produce unsatuiated fatt} acids, and the latter 
must be obtained through the diet 

OBESITV 

Digestion and Absoi ption of Fat m Obesity — This subject lequiies 
periodic attention because of the populai misconception that obese 
persons derive more value from the food the} eat than do thin persons 
Neuenschwandei-Lemmer determined the caloiic values of the feces 
and their content of nitrogen and of fat for 3 obese and foi 3 control 
subjects who weie of noimal weight The intake of caloiies purposel} 
was held somewhat below the calculated lequirements, and rest in bed 
was maintained Undei these ciicumstances the peicentage of utihza- 

19 Heymann, Walter Carotenemia in Diabetes, JAMA 106 2050-2052 
(June 13) 1936 

20 Ralli, Elaine P , Branclaleone, H , and Mandelbaum, T Studies on 
Effect of Administration of Carotene and Vitamin A in Patients with Diabetes 
Mellitus Effect of Oral Administration of Carotene on Blood Carotene and 
Cholesterol of Diabetic and Normal Individuals, J Lab & Clm Med 20 1266- 
1275 (Sept) 1935 Stueck, G H , Flaum, Geiald, and Ralh, Elaine P The 
Serum Carotene m Diabetic Patients, with Clinical Evidence of Carotenemia 
as Determined bj the Photo-Electric Colorimeter, JAMA 109 343-344 
(July 31) 1937 

21 Burr, G O , Burr, Mildred M , and Miller, E S On the Fattj Acids 
Essential m Nutrition, J Biol Chem 97 1-9 (July) 1932 

22 Neuenschwander-Lemmer, N Ueber Ausnutzungsversuche bei fettsuchti- 
gens und normalen Menschen, Ztschr f d ges exper Med 99 394-398, 1936 
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tion by the obese peisons a\eraged 87 foi caloiies, 84 foi nitiogen and 
83 for fat The corresponding figuies for the controls Avere 88, 85 5 
and 85 5 pei cent, respectnel} The figures foi absoiption for both 
groups were somewhat below those obtained b}' Atwater For noimal 
men they were 88 3 to 97 4 pei cent foi calories, 88 3 to 96 2 per cent 
for nitrogen and 87 3 to 98 3 pei cent foi fat 

Ketomiua avd Obesity — ^Lautei and Neuenschwandei-Lemmer,-® 
unable to confirm an obseivation of Kugelman suppoiting Bergmann’s 
theory of hpomutoeseii Tendena, liaise reported that fat peisons lespond 
to feeding lAith fat oil with a higher than normal concenti ation of 
acetone bodies m the blood On the othei hand, suppoit foi the concep- 
tion that in some cases of obesit}'" the stored fat is less available for 
oxidation has been presented by MacKay and Sheirill,-'* who studied 
the ketonuiia exhibited during fasting b} 11 obese and 5 normal sub- 
jects The fasts lasted foi foui oi five days Four of the obese subjects, 
whose condition was classified foi other leasons as endocrinopathic, 
excreted appreciably less ketone in giams per squaie inetei of bod} 
suiface than did noimal subjects Foi the lemainder, Avhose OAei weight 
was classified as simple obesit}, the excietion always was great and 
was usually greater than that foi the noimal subjects The anthois 
pioposed that the method piobably offeis a means of classifying obesity 
on a physiologic basis “Locked fat,” they concluded, is a result of 
endocrine disturbance, this being suggested by the obseivation of 
MacKay and Barnes of the ketogenic activity of ceitain anterior 
pituitary extracts and by the demonsti ation by Best and Campbell 
that such extiacts piomote the tiansportation of fat from the body 
stoies to the Inei 

These reports still remain difficult to harmonize Avith clinical obsei- 
vations For instance, 2 obese women Avith a low value foi ketone 
bodies 111 the urine, leported on b) MacKaj and Sheiiill, “gathered 
then fat quickly folloiving evidence of OA^anan deficiencA ” If this 
deficiency repiesented a phenomenon of the menopause, the antenoi 
lobe of the pituitaiy gland should haA’-e been OA'-eiactne lathei than 
underactive, and thinness lathei than obesit} should haAe been expected 
As a mattei of fact, AAhethei a AAOman aaiII become thinnei oi fattei 
Avith the deA'-elopment of OA^aiian deficiency is unpi edictable 

23 Lauter, S , and Neuenschvander-Lemmer, N Ueber den Ketonkorpei gebalt 
des Blutes bei Fettsuchtigen und Normalen Ztschr f d ges exper kled 99 
745-748, 1936 

24 MacKaj E , and Sherrill, J W A Comparison of the Ketosis 
Developed During Fasting b} Obese Patients and Normal Subjects, Fndocrinolog'\ 
21 677-680 (Sept ) 1937 

25 AlacKa}, E Al , and Barnes R H, cited b\ AIacKa\ and Sherrill--* 

26 Best, C H , and Campbell J cited b\ AIacKa-\ and Sherrill -* 
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Anofhei Thcoiy of Obesity — Even though one grants, as one must, 
that the caloiic balance will determine in the end whether fat is depos- 
ited or released from storage in the body as a whole, there still remains 
to be explained why in some cases fat accumulates selectively m cer- 
tain regions of the body It is w'-ell known that the fat in lipomas is 
resistant to withdrawal for utilization even m staivation, also that 
starvation in cases of hpodystroph}'- causes a much greater loss of fat 
from the thin upper half of the body than from the fat legs and but- 
tocks Heten}!'' recently ad\anced the following evidence in support 
of Bergmann s theor}, according to which the tissues of obese persons 
possess an increased “hpophiha” 

Eighteen patients, 10 of them normal in w^eight and the others obese, 
were placed for eight days on a subnutrition diet consisting of 800 Gm 
of milk and ten crackers The lipid level of the blood of the subjects 
of normal rveight was unchanged m general, wdiereas that of the obese 
subjects fell 18 to 43 per cent Also, 30 subjects, 13 of them obese 
and the others normal m weight, w^ere given m the morning, without 
other food, 200 Gm of cream, representing approximately 60 Gm of 
fat For the obese subjects the lipid le\el of the blood, determined 
after tw'O, three, four and five hours, increased significantly less 
than did that for the subjects of normal weight Also, artificial fever 
was produced in 12 subjects, 5 of them normal and 7 obese The con- 
tent of fat m the blood was increased thereb} 15 to 36 per cent for 
the noimal subjects and up to 11 per cent for the obese subjects 
Finally, 50 cc of olive oil w'as injected subcutaneously into each of 
11 subjects, 6 of them obese, and the level of blood lipid was deter- 
mined at the second, fourth and sixth hours It increased at one time 
or another 10 to 48 per cent for the normal subjects and only 1 to 8 
per cent for the obese Among the patients wdio w^ere given injections 
of oil were 2 with hpodystrophj'- When the oil was injected into an 
upper extremity in these cases absorption proceeded as in the normal 
subjects , wdien it w^as given into a fatty lowi-er extremity the absorption 
was similar to that in the obese subjects 

These observations seem to indicate that mobilization of fat from 
fat depots is resisted in obesity and that deposition is accelerated The 
condition seems analogous to the increased stability of deposits of gly- 
cogen in the liver and m the muscle in von Gierke’s disease (glyco- 
genosis) It seems to me that this conception deserves attentive 
consideration The eflfect after meals of withdrawing from the circula- 
tion even a little more fat than usual might w^ell account both for the 
dela}ed sense of satiety and for the frequently abnormal taste for 

27 Heten 3 i, G Untersuchungen uber die Entstehung der Fettsucht, Deutsches 
Arch f khn Med 179 134-141, 1936 
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carbohydrate encountered in obese 2 :)ersons Eneig) requirements must 
be satisfied one way or another, and if pait of the food is made less 
available for metabolism, the result, as is the case in diabetes, inevitably 
IS hunger A slight tendency in this direction would have a loiofound 
effect in the course of time The theorj also will explain the unequal 
distribution of fat and the undoubted influence on this distribution of 
the endocrinopathies, thus harmonizing the point of view of those who 
have insisted on the primacy of the d}namic featuies of the pioblem 
with the point of view of those who stress its endocimologic and con- 
stitutional features 

Heredity in Obesity — There is a stiong disinclination on the pait 
of physicians to accept the thesis, defended most eifectivel} by New- 
buigh and his associates,-® that obesity always depends on o\ereatmg 
So-called endogenous obesity is still regarded by mam persons as an 
entity in which the law of conservation of energy fails to function 
What seems mostly to be neglected b}' those who hold such views is 
the fact that the water balance in obesity which is associated with 
endocrine disturbances of various kinds frequently is ver^ unstable 
However, heredity must play a part of some kind, and the thing 
that is inherited, as I have suggested previously, is abnormal irri- 
tability in centers of the diencephalon where feelings of hungei and 
satiety originate A lesion in this region, such as is produced by enceph- 
alitis or a tumor, is followed not uncommonly by a huge gam in weight 
Experimental lesions of the diencephalon also have been shown to 
provoke obesity, so that it seems likely that the degree of irritability 
of this region may differ within a physiologic range in different normal 
pel sons and that the characteristic may be passed from parent to child, 
much as unusual auditory sensitiveness is knowm to be transmitted 
Supporting this supposition is a report by Gurney of studies on 63 
stout women compared with another group of w^omen of approximately 
the same age periods who had been subjected to about the same physi- 
ologic and physical episodes Pregnancy or a major operative procedure 
appealed to be the most common factor associated with the onset of 
obesity in the group of stout women, but approximately the same 
incidence of these e^ ents did not have a like effect in the control group 
On the other hand, the incidence of obesity in the parents of the stout 
w'omen was markedly greatei than that in the paients of the contiols, 

28 Newburgh, L H, and Johnston, ]\r W Endogenous Ohesit\ Mis- 
conception, Ann Int Med 3 815-825 (Feb) 1930, Nature of Obesit\, J Chii 
Investigation 8 197-213 (Feb ) 1930 

29 Wilder, R AI Regulation of Weight of the Bod\, Internat Clin 1 
30-41 (Afarch) 1932 

30 Gurne\, R The Hereditarx Factor in Ohesitx, Arch Int Aled 57 557-561 
(Alarch) 1936 
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and a study of the progeny of the two gioups showed the following 
differences Seventy-three per cent of the 89 offspring from matings 
of stout persons weie stout wheieas only 9 per cent of the 176 offspring 
of the matings of nonstout persons were stout Forty-one per cent of 
the 107 offspring of a stout and a nonstout person were stout 

Joslin has said that he is inclined to attribute the frequency of 
stoutness in the children of obese patents to habits acquired from eating 
with the parents rathei than to heredity, ceitainly stout persons appre- 
ciate good food more than do nonstout persons, and their children thus 
are “exposed” to better food What epicuie wmuld hire a thin cook I 
Howevei, it is probable that something more than habit is involved and 
that this something, wdiich is acquired by inheiitance, gives the stout 
man a better as w^ell as a more discriminating appetite 

Appetite and Conti ol of Body Weight — My interest in this subject 
w'^as aioused again b}'' a paper of MacLagan in which are described 
experiments with rabbits fed a standaid ration of beef pulp, bran and 
water The appetite of these animals, for the puipose of description, 
was defined according to the amount of food eaten in a standard time 
when an unlimited supply was piesented It normally reached a maxi- 
mum when the animals had fasted eighteen hours, being less if the fast 
w^as longei or shoiter than this peiiod An inciease of about 20 per cent 
was produced by a peiiod of ten days of undernutntion. and an increase 
of 10 per cent w^as produced by giving insulin in doses of 10 units 
This dose is nearly convulsive in a fed rabbit, and smaller doses were 
wuthout effect Maximal depression of the appetite, amounting to 49 
per cent, was obtained by giving pitressin in doses of 5 units Almost 
as effective depression occuired with a dose of 0 15 Gm of ati opine, 
namely, 37 per cent Ephedime, in a dose of 0 15 Gm , w^as only slightly 
depressing, and entei ogastrone, an extract of intestinal mucosa, had a 
tempoiary effect Negative lesults w^ere obtained with pitocin, anterior 
pituitaiy extract, “ketodestrm,” testicular extract and benzedrine The 
conclusion is i cached that the effect of these diugs on the appetite is 
likely to be of no clinical value, except for that of insulin, which already 
has been wudely used for treating thinness Pitiessin and atropine 
had to be given in rathei large doses to produce any effect, the former 
causing slight diarrhea in 3 of 8 animals and the latter causing full 
dilatation of the pupils in the doses employed 

Diniti ophenol — This remedy for obesity appaiently has lun its 
couise, and the consensus seems to be that the danger attending its 
use outweighs the advantages The comprehensive clinical stud}^ reported 

31 MacLagan N F The Role of Appetite m the Control of Body Weight, 
J Phjsiol 90 385-394 (Sept) 1937 
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by Simkins should be read by any one who contemplates resorting to 
tins drug The final comment of Simkins was as follows 

In dinitrophenol tlie medical profession has acquired a remarkable drug, a 
metabolic agent that is well adapted to both clinical and laboratory research The 
problems connected with its unpredictable, and occasionally alarming, reactions 
in some patients are far from solved Apparently it is nontoxic to the liver, 
kidneys and heart in therapeutic dosage Neutropenias are rare Peripheral 
neuritis is rather common but not troublesome Skin rashes, which are common, 
no longer excite their quondam fear Cataracts, whether due to the direct effects 
of the drug or possibly to some unknown mechanism mediated by it, are common 
No loss of weight can be condoned at the price of cataracts, and consequently 
the indiscriminate clinical use of dinitrophenol should be discontinued at once until 
the problem of complicating cataracts is solved The clinical use of dinitrophenol 
should be reserved for urgent indications only 

Eveicise fo> the Obese Persan — Douthwaite,^“ m one of a senes of 
articles on the management of patients with some of the metabolic dis- 
eases, has given the following excellent advice 

Most exercises advised for fat people are almost useless, and in many cases 
verj wasteful of physical effort for the result achieved Thus, the contortions 
made familiar to us from our young days by the gj'mnasium instructor often 
produce powerful biceps, a deep chest, and strong abdominal recti They leave 
out of account entirely the importance of the oblique muscles of the abdomen and 
the quadratus lumborum It is the weakening of these muscles, however, which 
IS responsible for the loss of waist line, pendulous belly, and constipation of those 
possessed of a redundant paunch Another objection to current bathroom exercises 
IS that they can be practised only in strict privacy, for their employment m the 
street would inevitably lead to an observation cell 

What, then, are the exercises which we should advise? In the first place, 
they must involve all the main muscles of the abdominal wall and pelvic floor 
Secondly, it should be possible to carry out some of them, at any rate, during 
working hoiiis without attracting undue attention In my opinion those described 
bj Hornibrook in “The Culture of the Abdomen” are far and away the best 
This book IS a better prescription for abdominal obesity, and for that matter 
for constipation, than any drug or combination of drugs The principle is this 
the abdominal muscles can be contracted and relaxed at will without causing gross 
movements of the trunk The viscera, however, are thus kept in healthy turbulence, 
and fat deposits over and in these muscles steadily disappear The action is much 
the same as that vliich produces contraction of the quadriceps femoris without 
accompanjmg extension of the knee-joints 

First, the patient should be taught to pull his abdominal wall in and out while 
standing and while sitting This activates the recti chiefly, but also to some 
extent the obliques Secondh, he should learn to exercise the obliques and quadratus 
lumborum b} standing and drawing the hips and lower ribs together, first on one 
side then on the other This is more difficult to learn and at first involves more 

32 Simkins, Samuel Dinitrophenol and Desiccated Thyroid in the Treat- 
ment of Obesit} A Comprehensive Clinical and Laboratory Study, JAMA 
108 2110-2117 (June 19) , 2193-2199 (June 26) 1937 

33 Douthwaite, A H The Treatment of Obesity, Brit M J 2 344-346 
(Aug 15) 1936 
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movement, but m time the action can be mastered so that the lateral and posterior 
abdominal muscles are alternately contracted and relaxed with but little motion of 
the trunk Again, they can be carried out eventually in a sitting posture The 
patient should be taught to appreciate what is happening b^ placing his finger- 
tips over the muscles to be exercised By this means he W'lll grasp the scheme 
much more quicklj and carr\ it out more efficienth Thirdlj, the pelvic floor 
should be exercised b> alternately drawing up and lelaxing the anus As a sharp 
contraction of the relevant muscles takes place m both sexes at the end of 
defaecation and of micturition it can be explained in this way without difficulty 
The reason for these exercises is that the pelvic floor is usually yy'eakened in the 
obese and tends to the production of incontinence of urine in the female, consti- 
pation, rectal prolapse and piles 

Lastly, the back must not be forgotten All fat people ey^entuallj develop 
a bad stance, and a healthv abdominal wall cannot be achieved if its mam point of 
attachment is y\eak and yvarped Insistence should thus be placed on the importance 
of carrying the head and bodj erect as a positive means to the desired goal Noyy', 
although many other excellent evercises have been devised, y et onlj those described 
above can easilj' be carried out from time to time during the day The muscular 
contractions can be performed while the patient is traveling, while waiting for a 
bus, sitting at a desk, and even at the dinner table, wuthout exciting comment The 
great secret of successful exeicises is that they should be capable of being per- 
formed at frequent intervals until they become a habit This is obviouslv of far 
greater v'alue than a quarter of an hour’s intense boredom of “bedroom jerks” 


EXPERIMENTAL DIABETES 

Metahohsm of Caiboliydtafe iu Depanci eaticcd Dogs — It is doubtful 
how much dependence can be placed on metabolic obseivations made 
after a severely mutilating opeiation such as that to be desciibed 
Soskm and Levine®^ lepoited experiments peifoimed on dogs that 
had fasted foi three days and that weie then subjected to suigical 
removal of the intestines and the liver, togethei with ligation of the 
ureters Twelve dogs weie depancieatized on the fiist day of fasting, 
recennng no insulin Fifteen dogs weie not depancieatized The 
evisceration and later expeiinients were peifoimed with the animals 
under anesthesia induced by pentobai bital sodium Aftei two houis had 
been allowed for recoveiy fiom immediate shock, the expeiiments were 
staited Dextrose solution was injected at the timed lates necessai) 
to maintain blood sugai at desiied lev^els and samples of blood v\eie 
taken at half-houi mteivals foi two to four houis Aftei the injection 
the animals w^eie killed, and samples of muscle weie seemed foi 
determination of the glycogen content The lesults show^ed that when 
the blood sugar lev'^el was high, the depancieatized animals used dextiose 
as effectively as did the “noimal” animals, when the blood sugar level 
was low, the depancieatized dogs weie at a disadvantage This led 

34 Soskm, S , and Levine, R A Relationship Between the Blood Sugar 
Level and the Rate of Sugar Utilization Affecting the Theories of Diabetes, 
Am J Phvsiol 120 761-770 (Dec) 1937 
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Soskin and Levine to the conclusion that the completely depancreati/ed 
dog utilizes dextiose as eftectively as the “normal” animal and hence 
supports their assumption that the glycosuria and the other characteristic 
experimental and clinical phenomena associated with diabetes cannot be 
ascribed to lack of utilization of sugar by the muscles 

Mirsk}'’ and his associates have reported that dextrose injected 
intravenously into nephrectomized depancreatized dogs not receiving 
insulin produces ketolytic and nitrogen-sparing effects The conditions 
of the experiment were such as to lead to the suggestion that glycogen 
formation occurred A similar study has been conducted by Barkei 
and Sweet ” in such a manner that the respiratory metabolism could be 
studied as well as the blood It was found that while pronounced 
ketone and nitrogen sparing w'as obtained, the respiratory quotient was 
not raised and that all the sugar injected could be accounted for by 
the increased amount of fermentable carbohydrate and lactic acid in the 
muscle and liver Some explanation other than oxidation of carbohy- 
drate ma} he found for the nitrogen-sparing and ketolytic effects 
observed undei the conditions named As the authors commented 

It should fir«t be pointed out that decreased protein mctabohsin is judged in 
this Upe ot experiment solely on the basis of changes in blood non-protein nitro- 
gen, any unmeasured retention of urea in the liver or m the muscles would gi\e 
a false picture Secondlj', since protein is ketogenic in pancreatic diabetes, any 
lowering ot protein breakdowm might account for some of the ketone sparing 
In any case, these changes may be attributed full) as w'ell to the high glucose 
concentrations produced as to the glycogen deposited 

The cxpeiiments indicate that neither the formation of glycogen nor the 
establishment of a high carbohydrate level of the tissues facilitates the 
oxidation of sugar by the depancreatized dog 

The commonly accepted criteria for oxidation of ingested carbo- 
hydrate are an elevation in respiratory quotient, a corresponding diminu- 
tion m the amount of extra sugar excreted when dextiose is administered 
a protein-sparing action of the sugar and a ketolytic effect Recent 
experiments of Barker, Chambers and Dann,“" conducted on fasting 
depancreatized dogs, revealed that in the early and intermediate stages 
there occuried no rise in the respiratory quotient, no nitrogen-sparing 
effect and no ketolytic action after the administration by mouth of 16 

35 Mirsk)^, I A , Heiman, J D , and Broh-Kahn, R H The Antiketogenic 
Action of Glucose m the Absence of Insulin, Am J Ph)siol 118 290-296 (Feb ) 
1937 Afirsk)% I A , Heiraan, J D , and Swadish, S The Nitrogen-Sparing 
Action of Glucose m Phlorhirin and Pancreatic Diabetes, ibid 119 376-377 
(June) 1937 

36 Barker, S B, and Sweet J E Effects of Carbohjdrate Plethora in 
Experimental Diabetes, Science 86 270-277 (Sept 17) 1937 

37 Barker, S B , Chambers, W H, and Dann Margaret Metabolism of 
Carbolndrate in the Depancreatized Doc J Biol Ciiem 118 177-195 (^farch) 
1937 
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to 50 Gm of dextrose in single oi divided doses Also, the extia 
dextrose recoveied in the mine averaged 95 per cent foi twenty-one 
expel iments These results indicated no oxidation of administered sugai 
However, in 3 animals in the last stages of inanition, indicated by 
markedly inci eased excietion of creatine, typical effects of carbohydiate 
oxidation veie obtained In 1 of these animals the fasting level foi 
blood sugai was 37 mg per hundred cubic centimeteis and the basal 
lespiratory quotient 81 per cent In this animal, only three days before 
the premoital condition, the dextiose test had shown complete lack of 
oxidation of caibohydrate 

This work, as Barker and his associates indicated, recalls expei iments 
of Hedon in which bread was fed to depancreatized dogs and the fact 
that high basal quotients were obsen'^ed by him in the “iiiemoital” 
stages of fasting The terminal phases of diabetes m patients who were 
treated with prolonged fasts m the era before insulin vas discovered 
and who showed h 3 '’poglycemia and an elevated respiratory quotient 
lepresented the same phenomenon A famous case in point was that of 
Cyril K , who was studied intensively at the Russell Sage Institute of 
Pathology 

Barker and his associates also lefeired to the fact that Houssa) 
and BiasottH” in 3 of 5 depancreatized dogs found the lespnatory 
quotient to be elevated from a basal level of 0 7 to appi oximately 
0 8 after a feeding of 50 Gm of dextrose Similai lesults weie obtained 
by Biasotti for 2 more such animals after intravenous injection of sugar 

A plausible explanation of the paradoxic ability of the moiibund 
organism to oxidize dextiose is provided by these and other recent 
experimental obsei vations Extreme cachexia, it is reasonable to suppose, 
must severely depiess not only the activity of the pituitary gland but 
also the activities of the adienal cortex and of the thyroid gland The 
latter may be invob^ed diiectly or secondarily as a lesult of depiession 
of activity of the pituitaiy gland It is ■well known that both the thyioid 
gland and the adrenal bodies undeigo a consideiable degree of atrophy 
when the pituitary gland is destroyed Undei these circumstances the 
antagonists to what limited primordial capacity the cells may natively 
possess for oxidizing dextrose are removed, and, in addition, piesumably 
by the same means, the activity of the livei m neodextrogenesis is 
depressed 

PROTAMINE ZINC INSULIN 

Retarded insulin continues to receive much attention in the cuiient 
journals I can attempt to leview”^ onl)'^ a few of the many papeis now 
dealing with the subject The opinion prevails that treatment is impioved 

38 Hedon, cited by Barker Chambers and Dann 

39 Houssav, B A , and Biasotti, A cited by Barker, Chambers and Dann "" 
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0} its use, although occasional patients i espond less f avoi abl} than others 
A comment of Whitehill and Harrop was that patients -w ho are not 
cooperatne and -who are lax in the management of their diet do badh 
•with protamine zinc insulin and that such patients \m 11 find the use of 
unmodified insulin safer and on the ^^hole more satisfactoiy Also 
in cases in ^^hlch dianhea is a complication and in \\hich absoiption of 
food f 10111 the bo-wel is lariable, they said they regard protamine zmc 
insulin as unsafe Sherrill and Cope/^ iidiile admitting that it lepiesents 
a distinct advance in diabetic treatment, questioned vhethei aii} pai- 
ticular advantage is to be gamed from it in cases in which fornieily an 
essentially normal balance could be maintained with unmodified insulin 
The consensus seems to be that tieatment, while impioved, has not been 
simplified Wan^el and Shafer^- emphasized that the use of piotamine 
zmc insulin i equires more effort on the pai t of the physician 

In cases of moie se\eie diabetes it rarely is possible to obtain satis- 
factory control •with one dose of piotamine zmc insulin alone It thus 
frequently is necessaiy also to use some unmodified insulin with it 
Fiom expel lence at the Ma)o Clinic and that of Joshn it has been 
found that the two cannot effectively be combined in the same syringe, 
and although Lawrence and Archei leported that they had combined 
them vith advantage, I advise against it Patients find it difficult 
enough to learn how to measure insulin accurately, and to teach them to 
draw into one syringe the requiied amount of one insulin and then to 
supplement this vith a proper amount of a second insulin in most 
cases IS impossible 

Protamine zinc insulin of 80 unit stiength recently has been dis- 
tributed for clinical trial According to Joshn, and expeiience at the 
Mayo Clinic has been the same, it acts just as efficiently as the prepara- 
tion of 40 units stiength heretofore available Joshn also said that 
it IS less likely to cause induration in the skin Somewhat moie care 
IS necessary to secure a uniform suspension before the dose is with- 
drawn from the vial, it has a slightly greatei tendency to foim small 
clumps 

40 AVhitehill R and Harrop G A Experience with Protamine Zinc 
Insulin South lil J 30 451-458 (Jla} ) 1937 

41 Shernll, J W, and Cope, E F F Obser\ations with Protamine Zmc 
Insulin and Experimental Studies, Publication of the Scripps iletabohc Clinic 
La Jolla, California 

42 Wan el J H and Shafer, M R Protamine Insulin m the Treatment 
of Diabetes Melhtus, J Indiana il A 30 325-332 (Juh ) 1937 

43 Joshn E P Protamine Insulin JAMA 109 497-503 (Aug 14) 
1937 

44 Lawrence R D, and Archer, N Zinc Protamine Insulin A Clinical 
Trial of the Xew Preparation Brit if J 1 487-491 fMarch 6) 1937 
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Magnitude of Doses — Actual^ in the experience at the Mayo Clinic 
theie has been less use for 80 unit stiength piotamine zinc insulin 
than ^^as anticipated The diets used as a loutine contain only about 
150 Gm of carbohydiate, and with this legimen the large majoiity of 
patients lequue less than 50 units daily Those that do take moie 
for the most pait are unstable, with unpredictable fluctuations in then 
requnements , foi them a safer proceduie seems to be to use not moie 
than 50 units of protamine zinc insulin and to depend on one oi moie 
injections of supplementary unmodified insulin foi the additional lequiie- 
ment However, othei physicians with experience aie lesorting to 
much laigei doses of piotamme zinc insulin Thus, Duncan said 
that single doses of 80 to 120 units aie not uncommon, and in 1 of 
seveial cases of juvenile diabetes lepoited by Diysdale'*® a balance was 
obtained with 140 units daily 

Tuning the Admimsti ation — The admimstiation of pi'otamine zinc 
insulin 111 one dose daily befoie breakfast, as oiiginallv advocated by 
Ameiican and Canadian physicians,^" has been widel)'^ adopted The 
pimcipal advantage theiein is that a single specimen of mine, that passed 
befoie bieakfast, then piovides a reliable guide to dosage If it contains 
sugai, the dose may be stepped up with safety, if it is free from sugai 
the possibility of ovei dosage must be consideied, and aftei a few dais 
with sugar-free morning mine the patient should be given a smaller dose 
Treatment with protamine zinc insulin, as Himsworth stated, should 
have as its fiist objective the control of the disease during the night and 
only as a secondaiy objective the restiaint of the exaggeiated uses 
in the sugai content of the body after meals Lawrence and Aichei 
have expiessed the same opinion Referiing to the possibility of secuiing 
bettei results with insulin of still longei action, they suggested that this 
chug would produce a condition compaiable to the laie syndrome of 
spontaneous hypoglj^cemia and would piovoke a leaction eveiy night 
“It IS deal,” they said, “that the basal dose must be tailing oft m stiength 
of action at night ” 

45 Duncan, G G Protamine Zinc Insulin and Its Practical Application 
in the Treatment of Diabetes Mellitus, Bull Ayer Clin Lab Pennsylvania 
Hosp 3 121-137 (June) 1937 

46 Drysdale, H R Protamine Insulin m Juvenile Diabetes, J A kl A 
108 1250-1257 (April 10) 1937 

47 Wilder, R M Clinical Investigations with Insulin Protamine Compound, 
Proc Staff Meet, Mayo Clin 11 257-258 (April 22) 1936 Campbell, W R 
Fletcher, A A , and Kerr, R B Protamine Insulin in the Treatment of Diabetes 
Llellitus, Tr A Am Pl^sicians 51 161-173 (l^Iay 5) 1936 

48 Himsworth, H P Protamine Insulin and Zinc Protamine Insulin in the 
Treatment of Diabetes ^Mellitus, Brit M J 1 541-546 (March 13) 1937 
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On the othei hand, Hnnsworth is said lecently to liave obtained 
excellent lesults by administeiing piotamine zinc insulin at 11 p m , 
the food IS then better utilized the next day, and Winnett,^® foi the 
same leason, has given injections two oi three houis befoie bieakfast 

Supplemental y Dose'; of Unmodified Insulin — Waivel and Shafei 
found that the single morning injection of protamine zinc insulin was 
satisfactory foi adults taking not moie than 30 to 35 units but that 
supplemental y doses of unmodified insulin weic lequiied befoic bieak- 
fast and before suppei by patients with more seveie diabetes Hims- 
woith agreed He wrote 

It IS only in mild cases that the new prepaiations may legitimately be expected 
to control the disease during the whole twenty-four hours In cases of seventy 
their action should be reinforced by the administration of ordinal y insulin at 
those times when a sudden influx of sugar from the intestine is found to overwhelm 
their mild action An analogy may be drawn between the use of the new insulin 
and a modern technic in anesthesia The protamine insulins are comparable to the 
basal anesthetics whose effect is both mild and prolonged, ordinary insulin is 
comparable to the volatile anesthetic which is superimposed at times when a 
stronger control is required 

If one insists on having continuously stigai-fiee urine when only 
IDiotamine zinc insulin is being used, chiomc hypoglycemia is unavoidable, 
at least in many cases The symptoms attending gradual loweiing of 
the blood sugai level may be minimal, so that such hypoglycemia is not 
always easy to recognize Conceivably, chiomc hypoglycemia also may 
cause serious damage to the nervous system I lef erred m last year’s 
leview to Bollman’s obseivations of petechial hemorihages in dogs that 
had been made hypoglycemic with protamine zinc insulin His obseiva- 
tion has been confiimed by Sherrill and MacKay Six dogs which 
weie kept in stuporous condition, with blood sugar values between 
20 and 30 mg pei bundled cubic centimeters for twenty-foui oi 
forty-eight hours, died even after the value was raised to noimal by the 
giving of sugar A comment that is of mteiest and importance has been 
made by Greenhouse “Ceitamly some of our patients feel bettei 
when they show some sugai in the uiine and feel quite uneasy vhen 

49 Himsworth, H P , cited by Joslin o'* 
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sugar flee” If by “some sugar” is meant not more than traces in the 
tests made later m the day and an occasional trace in the urine before 
breakfast, I wholeheartedl}'- agiee It seems to me to be important to 
disci iminate between the gl3cosuiia that follows a meal and that which 
occuis in the night The former represents the spill fiom an ovei- 
filled vessel, the latter is derived from the stoies of glycogen and 
catabohzmg protein Protamine zinc insulin, as I have shown, prevents 
the occuiience of peiiods in the twenty-four hours, especially at night, 
when the tissues of the diabetic patient treated with insufficiently fie- 
quent doses of unmodified insulin ai e called on to deliver amino-acids for 
the manufacture of dextrose Ketosis accompanies the resulting nega- 
tive niti ogen balance, and it too is avoided Lawrence and Archer have 
made a similai comment about piotamine insulin 

A striking feature is complete absence of ketosis throughout the tiventj-four 
hours, much more complete than ive have ever obtained by three doses of soluble 
insulin in severe cases of diabetes Even during the period of hyperglycaemia 
and glycosuria after a meal there is no recurrence of ketonuria as judged by the 
sensitive nitroprusside test It appears that the worst defect of diabetes, the 
endogenous production of new sugar and acetone bodies, is incomparably better 
controlled than ever before 

In Mew of the nitrogen spaimg attributable to the continuous 
insulin effect that is obtained with protamine zinc insulin and the 
conceivable dangei from chronic hypoglycemia attending oaci dosage 
wuth it also because, like others, I have seen many patients who weie 
“quite uneasy” Avhen the urine was continuously free from sugar, it 
seems to me to be umvise wdien using protamine insulin to insist on a 
continuously noimal value for blood sugar Tlie proceduie foi adjusting 
the doses of insulin wdiich I recommend has been described else- 
wdieie It probably wall be disapproved of by Smdoni,®° who has said 
he legal ds any degiee of hyperglycemia as evidence of inability to 
oxidize dextiose — a debatable question Because protamine zinc insulin 
cannot be depended on to ple^ent the development of high blood sugai 
le\els after meals, Sindoni has not prescribed it alone but only as an 
adjunct to unmodified insulin When it is indicated at all it should be 
given he has said, on retiring and if necessary also after breakfast, and, 
wffiethei 01 not it is used, a dose of unmodified insulin is to be adminis- 
teied fifteen minutes after each meal Complete control of hypei- 
glycemia he has maintained, wnll delay prematuie arteriosclerosis, Avill 

54 Wilder, R 1^1 Clinical Im estigations of Insulins with Prolonged Actwitv, 
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help to prolong the span of life and will inciease resistance to infection 
This may be true, but surely such radical control is impossible for the 
patient who lives at a distance, and if it is attempted away from the 
hospital it must involve great risk of insulin reactions or chrome 
hypoglycemia 

Anothei advocate of peifectly normal levels for blood sugai is 
Richaidson,^" who has suggested that if a lenal threshold is higher than 
180 mg per hundred cubic centimeters, examination of urine should 
not he depended on to direct the maintenance of a satisfactory adjust- 
ment This, too, may be theoretically advantageous when the patient 
comes regularly to a clinic, it cannot apply to the isolated rancher, foi 
instance, whose neaiest laboratory may be several hundred miles away 

The Diet with Piotaimne Zme Insulin — It has been the experience 
at the Mayo Clinic that bettei control usually is obtainable with pro- 
tamine zinc insulin if not more than 150 Gm of carbohydrate is included 
111 the diet Campbell’s expeiience and that of Joslin, referred to in 
last yeai’s review,®^ as well as that of Ricketts,®® have agreed with it 
Howevei , Rabmowitch,®® Duncan and others have reported satis- 
factory lesults with diets containing as much as 300 Gm of carbohy- 
drate It is advantageous under such ciicumstances, and at times 
desiiable even when less caibohydiate is given, to spiead the meals, as 
Duncan has proposed, by giving the breakfast early, saving a portion 
of It to be taken m the forenoon and taking a lunch at midday, an 
afternoon snack, a late suppei and food at bedtime Joshn also has 
recommended more frequent supplying of food in meals and lunches 
Greenhouse has stated that he subtracts from the day’s dietary piesciip- 
tion the ^alue of thiee glasses of milk, one of which is given at 10 a m , 
one at 3 p m and one at bedtime Ricketts has subtracted a small 
amount of caibohydiate fiom the bieakfast for a midmoinmg feeding, 
and m two thuds of his cases finds a bedtime meal to be a necessity 
Pollack®® has said that he gives no finit other than banana at break- 
tast and some other fiuit later m the morning He has found the car- 
bohydrate of banana, to be absorbed moie slowly than that of othei 
fruits Also, he has said that he gives two thirds of the protein of the 
dietary presciiption at the evening meal and extia protem-contaming 
food, such as cheese oi meat, at bedtime 
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These piocediues undoubtedl}^ are useful in “tiicky” cases I object 
to them for loutine management because of the inconvenience they 
cause the patient So far as possible one should stiive to interieie as 
little as necessar}'^ with customary habits of eating and we in this country 
aie not Europeans 

P70tamine Zinc Insulin in Entet genciei — A good many wiiters hold 
to the opinion that protamine zinc insulin is disadvantageous in the 
diabetic emergencies, such as acidosis, infection and operation Excep- 
tions to this view, as Ricketts has Avritten, are emergencies vhich arise 
when patients are already under tieatment with protamine zinc insulin 
In such cases the basal dose should be continued, and the extra require- 
ment should be met with multiple injections of unmodified insulin At 
the Ma}m Clinic not only is protamine zinc insulin used in such 
ciicuinstances, but a moderate dose of it is given in the initial tieatment 
of acidosis and before an opeiation, even when none has been used 
before 

Complications Atti ibutable to Pi oiamine Zinc Insulin — Duncan has 
cited a personal communication from Dr F P Peck, of Indianapolis, 
in M'hich he stated that 6 cases of allergy to the piotamine component 
of the new insulin have come to attention I have not encounteied it, 
although it IS my impression that irritation at the site of injection occuis 
somewhat more frequently with protamine zinc insulin Usually it does 
not occui after a few weeks of treatment When necessary, “special” 
protamine zinc insulin made from beef can be obtained on application 
to the manufactuiers of insulin No instance of atrophy of fat has come 
to my attention, and it is to be hoped that this unsightly defoiinity will 
be of less frequent occui rence, owing to the fact that insulin is released 
fiom its combination with protamine only aftei absorption Vasculai 
accidents from the use of protamine zinc insulin also have not been 
lepoited, as fai as I can determine 

OTHER INSULINS WITH PROLONGED ACTION 

An interesting development was in progress in California at the 
same time that Hagedoin was expeiimenting ivith the protamines For 
a number of years, in the division for lesearch on cancel at the Santa 
Barbara Cottage Hospital, investigation of the relation of hoimones 
to cancer has been carried out under the direction of Ullmann In the 
course of this study Bischoff and Maxwell found a certain sample of 
pituitary gonadotropic extract to be fully ten times more potent than 
other samples Eventually this Avas accounted foi by traces of zinc 
left in the preparation during the piocess of separation EientuallA^ 
it Avas shoAAm also that absorption of the hoimone AA'as letaided by the 
zinc and that the greatei actnnty depended on this letardation This 
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phase of the woik -was published by Max^vell The suggestion aiose 
that the same pimciple might be applied -sMth advantage to insulin, but 
first, because of appiehension on the scoie of possible toxicity fiom 
such a heavy metal, a seaich was made foi othei substances which 
would have the same ellect as /me Most of the combinations tried weie 
iintatmg, but eventually one -was found with tannic acid which was 
faiily satisfactoiy, as mentioned last yeai in my ieview“^ 

This work was in piogiess when Hagedoin announced his discoveiy 
of piotamine insulin Veiy soon afteiwaid Bischofl. found that 
histone obtained fiom thymus gland A\as effective in letaidmg the action 
of insulin The thymus histone piecipitated insulin on the alkaline side 
of the iso-electiic point foi insulin The piecipitate introduced intra- 
venously pioduced a blood sugai response approximately the same as 
that of the oiigmal insulin, wheieas when given mtramusculai ly it 
showed the letaided effect Diabetes in human beings was 11611 con- 
ti oiled with it, and a “pooling effect” was noticeable after foui oi fiie 
days of daily injections Histone insulin in these lespects behaves much 
as does piotamine insulin Obseivations on it in 30 cases of diabetes 
have been lepoitecl by Giay, Bischoft and Sansum No local oi 
systemic leaction vas noted, and an aveiage of two and seven-tenths 
injections of unmodified insulin was i educed to an aveiage of one and 
one-fifth injections a day 


II NUTRITION 
By Dr Wilbur 

Advances in nutiition dining the past yeai vhich may be of pai- 
ticulai inteiest to clinicians have had to do chiefly with chemical and 
physiologic aspects of the vitamins It is becoming incieasmgly cleai 
that such extensive pathologic changes as those which chaiacteii/e 
maiked states of vitamin deficiency aie not common m this countiy, 
with the exception of those due to iickets and pellagia Consequently 
theie IS much inteiest in the possible fiequency, nature and method 
of lecogmtion of states of model ate and of mild deficiency of vitamins 
Such less maiked states of deficiency depend principally on physiologic 
and pel haps slight pathologic changes in the tissues, and attempts 
aie being made to develop satisfactoiy methods of measuring these 
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physiologic distui bailees in man and in expei iinental animals The 
development of the biophotometi ic test for vitamin A deficienc} and 
tolerance and saturation tests for vitamin C deficiency seem to be a 
step in this direction As yet there is lack of evidence of the actual 
nutiitional significance of slightly abnormal leactions to such tests 

The advances in the past year which were particularly worthy of 
note were the preparation of vitamin A m crystalline form , the designa- 
tion of vitamin as thiamin chloride and of vitamin B,, oi G, as 
riboflavin by the Council on Pharmacy and Chemistry of the American 
Medical Association, the demonstration that “endemic” pellagia is the 
same disease as “secondaiy” pellagra, that it is due to dietary deficiency 
and that it responds to the same treatment as does “secondary” pellagra , 
that pellagra apparently responds promptly to tieatment vith nicotinic 
acid, and that vitamin C seems to be closely related to the phenomena of 
immunit}'', anaphylaxis and resistance to infection 

VITAMIN A 

Vitamm A Requii einent of Man — The daily requirement of vitamin 
A IS still unknown As stated in the leview of last yeai,®^ it seems 
unlikely that the requirement of vitamm A or of any of the vitamins will 
be clearly established for many years Variability in minimal and 
optimal requirements and in absorption, storage, utilization and destruc- 
tion IS sufficient undei normal physiologic conditions to make it difficult 
to express in exact figures the requirements of any particulai vitamin 
Honever, information obtained within the past year by Jeghers was 
to the effect that the minimal daily lequirement foi an adult is 4,000 
U S P units of vitamin A Jeans and his associates noted that 
3,000 U S P units of vitamin A daily were sufficient to meet the 
lequirements of 2 bo 3 '^s aged 11 years as judged by photometiic tests 
These findings are in essential haimony with the recommendation of 
the Council on Pharmacy and Chemistiy of the Ameiican Medical 
Association,®^ which has reiterated its previous stand of approving for 
advertising purposes cod liver oil which meets the standards gnen in 
“New and Nonofficial Remedies. 1936”— the dose of 2 teaspoonfuls 
daily should contain at least 6,250 and not over 10,000 U S P units 
of vitamin A 
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Attempts to determine the vitamin A requiiement of cattle sheep 
and sn me led Guilbert, IMiller and Hughes to the conclusion that 
the minimum vitamin A lequirement to prevent night blindness m 
these animals is from 6 to 8 micrograms of vitamin A (or 25 to 30 
miciogiams of carotene) foi each kilogram of body v eight Ciimm 
and Short repoited that the late of utilization of Aitamm A b\ the 
dog IS between 157 and 300 U S P units per kilogiam of bod\ v eight 
1 er v eek 

Chemical Structme and Physiologic Activity — While the chemical 
stiuctuie and ph3siologic actnity of vitamin A and its close i elation 
to the yellov pigment caiotene have been knovn for some time, the 
piepaiation of the vitamin m crystalline form from biologic mateiial 
01 b} means of s3nthesis has been accomplished only in the past 3eai 
In Januaiy 1937 Holmes and Coibet"® announced the piepaiation of 
a ci3"stalhne iitamin A concentrate fioni fish Iner oil, and in Octobei 
the3 leported that vith the use of purified sohents. Ion tempeiatuies 
and special technical procedui es the3'^ had been able to obtain pale 3 ellow 
cr3stals from thiee different fish oils Deteimination of the molecular 
n eight and elementar3 anabasis of these crystals reiealed a coiie- 
spondence nith the formula nhich had ahead3’’ been suggested foi 
vitamin A Bio-assa3’- of the mateiial indicated that it had a Aalue 
of 3 000,000 U S P units per gram S3mthesis of \ itamin A has 
been reported b3 Fuson and Christ"- and b3 Kuhn and Morns The 
lattei norkers found that their product ivas biologically actne m dail3^ 
doses of 0 8 microgram and that it agieed with respect to absoiption 
spectrum and chromatographic behavior mth natuial vitamin A 

Little information has been added during the past leai to the 
.ilread3 recognized plw siologic relation of 1 itamin A to epithelial tissues 
and to the visual purple of the lod cells of the letina Stein and 
Salomon"^ as a lesult of then studies iMth ovoieidm, a gieen pig- 
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meiit obtained fiom lobster eggs and apparentl} chemically related 
to visual purple, suggested that the rapidit} of the legeneration ot 
visual purple undei physiologic conditions ma}’^ be accounted foi b} 
the supposition that the piiinar} step in the bleaching process of Ausual 
purple IS not a denaturation of the protein carrier of the pigment but 
IS perhaps a t}pe of photodissociation like that of the reversible dis- 
sociation of ovoverdin Further studies b} Suie and Buchanan"® of 
the antagonism of th)roxin and vitamins A and B indicated that 
V itamin A ma} not be as potent an antith} rogenic agent as is v itamin B 

Deficiency States — Duiing the past yeai there has been much dis- 
cussion of the incidence, methods of recognition and significance of 
vutamin A deficiency It is cleail)^ recognired that states of well 
developed vitamin A deficiency are uncommon m the United States, 
consequent!}'', little dependence can be placed on jiurely clinical observa- 
tions in the recognition ot such deficienc} states Piobably the prin- 
cipal reason toi this is the fact that, as Jeghers®" has pointed out, 
the vvoist diet which he encounteied in clinical practice yielded 900 
USB units of vitamin A daily, and an intake of this amount would 
probabl} need to be continued for months or years in order to produce 
clinically important v'ltamin A deficiency In an attempt to produce 
experimental evidence of vitamin A deficiency in man, Jeghers®® took 
large doses of vitamin A and then reduced his intake to 200 U S P 
units dail} \Vithin six da}s there was photometric evidence and in 
five weeks subjective ev^idence of night blindness These abnormal 
findings disappeared within three days during which 100,000 units of 
vitamin A was consumed daily 

The earliest clinical manifestations of deficiency of vitamin A are 
related to the eyes and the skin Jeghers has pointed out that in his 
experience night blindness, in most instances not previously clearl} 
recognized, has been a factoi of considerable impoitance m causing 
difficult} in driving an automobile at night He reported that 12 pei 
cent of a group of 162 medical students showed clinical manifestations 
of vitamin A deficienc}, consisting, in order of frequency, of night 
blindness, photophobia dryness of the skin, dryness of the conjunctivae, 
blepharitis and follicular hyperkeratosis 

Because of the infrequency of clinicalh recognizable vitamin A 
deficienc} in the United States, efforts have been made by a variety of 
observers to develop satisfactor} clinical or laboratory methods of 
determining the presence of states of paitial or subclinical deficienc} 
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of this Mtamin In general, such methods may be said to fall into t-wo 
groups — clinical and pathologic In the former group, in addition to 
clinical obser^atlons of symptoms of well defined deficienc} states, such 
as those involving the eyes and the skin, maj be considered examinations 
of the adaptation of the e3es to darkness, studies of the vitamin 
content of the blood and urine, estimations of the '‘neutrophilic lag 
and therapeutic trials w ith vitamin A in concentrated or cr} stalline form 
]\Iethods of study of pathologic material which may be helpful in the 
diagnosis include the histologic examination of tissue post mortem 
or at biopsy, estimations of the vitamin A content of the liver and other 
tissues and microscopic studies of cells scraped from the mucous 
membrane of the conjunctnae nose and female geneiatne tract or of 
epithelial cells in the urine 

Since the popularization by Jeans and Zentmire of the biopho- 
tometric method of stud}ing the dark adaptation of the eyes as an 
index of vitamin A deficienc}*, numerous studies have been reported 
of the incidence of this deficiency m Aarious groups of the population 
hile there may be some doubt as to the accuracy w itli wdiich this 
method of examination measures the adequac} of the previous intake 
of Mtamin A or is a measure of the degree of Mtamin A deficienc}, 
It seems obvious from the number of studies which ha\e been made, 
from the comparative similarity of the results obtained and from the 
uniformly beneficial effects of administration of vitamin A concentrate 
for those who haie shown abnormal results of the tests, that the results 
of such examinations are in some way influenced by the state of metabol- 
ism of Aitamin A For a discussion of the physiologic background 
and the lalue and technic of the biophotometnc method of determining 
Mtamin A deficiency, as well as of other methods of examining the 
e}es for the purpose of estimating the incidence and degree of this 
deficienc} one should consult the excellent review* of Jeghers or the 
paper of Maitra and Harris Jeans and his associates have modified 
the technic which they originally described and have concluded that the 
new photometer which they ha%e developed reveals certain defects in 
the old test although the principles of the test are sound While all 
these tests are subjectne and demand a certain amount of intelligence 
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and coopeiation on the pait of the patient, Fndeiichsen and Edmund 
have repoited fuither studies of a method e\olved by Fndeiichsen 
which IS entirely objectne and which can be utilized m examining 
infants It depends on an estimation of the faintest amount of light 
which i\ill proioke an oculomotoi reflex Further study should be 
made of this method, because with it subjective i espouses are elimi- 
nated 

In an eftoit to determine the state of vitamin A nutiition of 
patients, seveial investigators haie made estimations of the vitamin A 
content of the blood and urine These studies aie not as yet sufficientl) 
advanced to permit the dei elopment of significant conclusions k'lethods 
of analysis which have been used have been pimcipally modifications 
of the antimoii) tnchloi ide test Schneidei and Weigaiid lepoited 
that vitamin A is not piesent m the urine of normal persons even when 
laige doses are administeied Hoivever, they found that a laige pei- 
centage ot patients with cancel, tuberculosis and generalized infections 
eliminate the Mtamiii as a result of impairment of hepatic function oi 
of a change in renal peimeabiliti Boiler, Biuniiei and Brodaty®^ also 
found that patients with hepatic and lenal disease may eliminate vita- 
min A 111 the uiine Indeed, this finding ivas considered by them as 
of diagnostic value in these diseases and as always an extiemel} seiious 
piognostic sign Somewhat in contrast to these findings are those of 
Gaehtgens who obseived traces of vitamin A in the mine of 8 of 39 
piegnant women Aftei admimstiation of concentiates of the Mtamm 
to this giOLip of women, larger amounts iveie eliminated, and the mine 
of 19 of 30 of these women gave positive results The excietion of 
Mtamm A did not seem to depend on an inciease of the vitamin content 
of the blood 

The widespread pathologic changes which occur in tissues depiived 
of an adequate supply of vitamin A are fairly characteristic Wol- 
bach®-' has lecentl) summarized these changes and has emphasized in 

80 Fndendisen, C and Edmund, C Studies of poMtammosis A II 
A New Method for Testing the Resorption of Vitamin A from Medicaments 
Am J Dis Child 53 89-109 (Jan) 1937 

81 Fndenchsen, C Quantitive Investigations of the Resorption of ^ Vitamin 
m a Case of Cochalic, Acta paediat 18 377-391, 1936 

82 Schneider, E and Weigand, E Pathological Elimination of Ahtamm 
A in Urine, abstr , J A kl A 108 1927 (Maj 29) 1937 

83 Boiler, R, Brunner, O, and Brodatj, E Elimination of Vitamin A 
in the Urine, abstr, J A lil A 109 1162 (Oct 2) 1937 

84 Gaehtgens G Ueber die Ausscheidung ^on Vitamin A in der Giaiiditat 
Khn Wchnschr 16 52-53 (Jan 9) 1937 

85 V'olbach, S B Vitamin Deficicncj Experimentation as a Research 
Method in Biologi, Science 86 569-576 (Dec 24) 1937, The Pathologic Changes 
Resulting from Vitamin A Deficienc\, J A if A 108 7-13 (Jan 2) 1937 



WILDER-]]' ILBUR— METABOLISM AND NUTRITION 


329 


particulai the piofound eftect which is to be noted in epithelial tissues 
Alroph} and subsequent keiatmization of the epithelium aie the typical 
changes observed The diagnostic value of the presence of keiatinized 
epithelium in sci apings from the conjunctivae and from the vaginal 
and nasal mucous membianes was mentioned in the review of last yeai 

Deteimination of the vitamin A content of the tissues post mortem 
has been leported to give considerable information m regard to vita- 
min A deficienc} Mooie®" and Ellison and Moore®' employed this 
method of examination m the analysis of the hveis of 1,000 adults 
and of approximately 200 children less than 15 yeais of age For adults 
the a\eiage value obtained m the 40 cases of accidental death was 220 
U S P units pel gram of moist tissue Foi infants the aveiage value 
was only 17 units Such a wide fluctuation was found foi the hveis 
of normal persons that evaluation of the lesults obtained for the dis- 
eased Ineis was somewhat unsatisfactory Howevei, those diseases in 
which the reserves of vitamin A Aveie above normal included thyioid 
diseases of all types and diabetes in adults and tubeiculosis in childien 
Consistently low concentiations weie obseived for the livers of adults 
d>ing of nephritis, peiitomtis, pneumonia, renal and vesical infections 
and othei infectious diseases The coriect interpretation of these find- 
ings IS not deal, because of the vaiiety of factors which may influence 
vitamin A metabolism Howevei , Mooi e ®® estimated that a human 
being with a noimal vitamin A reseive in the hvei could live foi six 
months on a diet completely fiee from the vitamin and that the amount 
stoied in the hvei of the noimal person is loughly equal to the amount 
secieted in bieast milk duiing nine months of lactation 

The incidence of marked vitamin A deficiency in the United States 
IS veiy small The supposition that states of paitial deficiency may 
be common is receiving continual emphasis as a result of studies with 
the biophotometei Foi example, in his study of 162 medical students 
in Boston, Jegheis found that 35 per cent of them had low photo- 
metric leadings and that 12 per cent actually had clinical manifestations 
of deficiency In a gioup of 149 subjects, including WPA workeis, 
medical students, technicians and giaduate nurses, all actively engaged 
in -woik and appaiently healthy, he found evidence to suggest that 
34 pel cent weie deficient in vitamin A, while m a gioup of 103 ambu- 
latoiy hospital patients convalescing fiom the usual type of diseases, 
only 33 per cent showed no evidence of deficiencj In Chicago Bai- 

86 Aloore, T The Vitamin A Reserve of the Adult Human Being in 
Health and Disease, Biochem J 31 155-164 (Jan ) 1937 

87 Ellison, J B , and Aloore, T The Vitamin A Reser^ es of the Human 
Infant and Child in Health and Disease, Biochem J 31 165-171 (Jan ) 1937 
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borka and Wasika,®® using the biophotometnc method of examination 
foi 780 adults, reported that of 80 contiol subjects, 21 pei cent gave 
evidence of boiderhne deficienc), while 4 per cent were actually defi- 
cient Among clinic patients, 23 per cent gave evidence of boiderhne 
deficienc}, and 60 pei cent showed actual deficiency That a close 
1 elation exists between the incidence of vitamin A deficiency as detei- 
mmed by the biophotometnc test and the economic status of the person 
tested has been clearcut since the oiiginal report of Jeans and Zent- 
mire ~~ on the incidence of vitamin deficiency among the school children 
of Iowa The studies cited indicate this also, as do those of Maitia 
and Hams in England The latter authors reported that among 200 
elementary school children in the East of London and in Cambiidge, 
between 22 and 36 pei cent were in a category described as “definitely 
subnormal” in their reaction to the test, whereas in public schools 
(wdiich correspond to private schools in the United States) none of 
the boys were definitely subnormal, and only 10 pei cent were slightly 
below normal 

These studies all indicate that states of partial deficiency of vita- 
min A are more common among persons in the lower economic levels, 
who for financial reasons and ignorance regarding a proper diet may 
have an inadequate intake of food Peculiarities in dietary habits, 
skipping of meals and poor choice of foods weie recognized by Jeg- 
hers °° as factors of great importance piedisposing to the development 
of vitamin A deficiency even among an intelligent group of students 

What IS the significance of these observations^ Is it actually true 
that from 30 to 50 pei cent oi even more of our population receive 
an intake of vitamin A which is inadequate to meet the optimum physio- 
logic needs ^ Is it necessary that an individual have a normal response 
to such a test as the biophotometnc test in older to be considered 
perfectly healthy^ These are questions of paramount importance in 
nutrition, but until much further information is available they cannot 
be satisfactonlj'' answered 

The treatment of deficiency of vitamin A remains unchanged Con- 
centrates of the vitamin are available principally m the form of concen- 
trated fish liver oils Carotene is available as an active theiapeutic 
agent, but larger doses of it than of the vitamin are needed to produce 
comparable results A significant principle in the treatment of vitamin 
deficiency diseases is the use of massne doses of vitamins Jeghers 
has confirmed this by obserMiig that the best results w^ere obtained 

88 Barborka, C J, and ^^'asIka, Paul Vitamin A Deficlenc^ Results of 
Dark Adaptation Tests on Seven Hundred and Eighty Adults read bv title before 
the Central Societ% for Clinical Research, Chicago, Nov 5 and 6, 1937 
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when 70,000 units dail} of Mtamin A ■\^as taken orally for t\\o weeks 
follo\\ed b) 25,000 units dail} until dark adaptation returned to noimal 

The 1 elation of Mtamin A deficienc} to the development of calculi 
111 the uimai} tract has been discussed in preMous icMews In the past 
\ear studies indicating that such a i elation exists have been published 
by Feldman,®” but the relation has been denied b} Lassen and Olesen 
and h} Oppenheimei and Pollack 

Because the metabolism of carotene has been closely identified with 
the function of the liver, Clark, Robinson and Schiff attempted to 
use this substance in testing hepatic function, hut they concluded that 
the results were of no apparent value 

THE VITAMIN B COMPLEX 

For the sake of convenience the components of the vitamin B 
complex will he considered as a group, although the individual con- 
stituents diftei wide!}' chemicall) and in their plr^siologic and theiefoie 
m their clinical hehaMor Largely as a result of extensive chemical 
studies, including isolation and synthesis of some of the components 
and as a result of biologic reseaich and a dealer understanding of 
terms, some of the pieexisting confusion sunoundmg the components 
of the vitamin B complex is becoming clarified In a recent leview of 
this subject Nelson”® designated the following components 

1 Vitamin Bi, the antibenben Mtamin that pre\ents beriberi m man and poly- 
neuritis in animals 

2 Riboflavin, a compound necessary for growth in chicks and rats and for 
the prevention of cataracts in rats It is a component of the oxidation-reduction 
sjstem of liMiig cells 

3 P-P factor a nutritional factor effectne m the pie\ention of human pellagra 

4 Filtrate factor, a factor for the pre\ention of a nutritional dermatosis in 
chicks Concentrates vhich contain this factor have been shown to be effectne 
111 the treatment of human pellagra and black tongue m dogs 

5 Vitamin Bi, a factor necessar} for rapid gams m weight and normal nutri- 
tion of pigeons 


89 Feldman, J B Dark Adaptation as a Clinical Test Arch Ophth 17 
048-661 (April) 1937 

90 Lassen, H K , and Olesen, M Significance of A. Avitaminosis and 
Hj pcrparatln roidism m the Formation of Unnarv Calculi Flospitalstid 80 435- 
443 (April 20) 1937 

91 Oppenheimer, G D and Pollack H Attempted Solution of Renal Calculi 
In Dietetic Measures TAMA 108 349-352 (Jan 30) 1937 

92 Clark, B B , Robinson J B , and Schiff, L T Concerning the Use of 

Carotene as a Lner Function Test Am T Plnsiol 119 288 (June) 1937 

93 Xelson E Af The Components of the Vitamin B Complex, T A M A , to 
be published 
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6 Vitamin Bi, a factor for the prevention of a specific paraljsis in rats and 
chicks 

7 Vitamin a factor necessary for the maintenance of weight m pigeons 

8 Vitamin Be, or \itamin H, a factor for the pievention of a nutiitional derma- 
tosis m rats 

9 Factor W, a factor necessary for growth of rats 

In another summaiy of the components of the \itamin B complex 
Elvehjem ”■* listed six factors, namely, vitamin Bj, flavin, the antipel- 
lagra factor (B,, or G), the lat antidermatitis factor (Bg), the anti- 
paralytic factor (B 4 ) and factor W (the alcohol-ether precipitate factor 
of Ehehjem, Koehn and Olesen) 

Whethei or not these “components” represent chemical entities 
leqtiiied b}'' certain species of animals and not b) others is not cleai 
Fortunately for clinicians, much of the confusion surrounding this 
problem will probably vanish with the development of pure crystalline 
pioducts and a less ambiguous nomenclature So fai only two members 
of the Mtamm B complex, namely, vitamin B^ and the P-P factor, have 
been unequivocally linked with deficiency disease in man 

Vitamin {Tlnaimn Chloiide) — The Council on Pharmacy and 
Chemistiy of the American Medical Association,®® on the suggestion 
of R R M'llhams, decided to adopt the name thiamin chloiide (bro- 
mide, sulfate and so on) as the common name for vitamin Bi, with 
the proviso that if the International Committee on Nomenclature in 
1938 should adopt some other suitable name the Council will feel free 
to concui in the use of the international name, with thiamin chloride 
as a synon}m The American Society for Biological Chemists, the 
Ameiican Institute of Nutrition and the Committee on Nomenclatuie 
of the Ameiican Chemical Society ha^e all tentatively'- approved the 
term thiamin, although the term aneuiin, intioduced by'- Jansen, of 
Amsteidam, who fiist isolated the substance, is widely used on the 
continent and m England 

Clieimstiy and Physiology — The chemical stiuctuie of thiamin 
chloride has been known for seveial years, and the substance has been 
synthesized and appeals on the market pimcipally in that form Leong 
and Hai ris have evidence that sy nthetic and natural cry^stalhne vita- 

94 Ehehjem, C A Vitamin B Fractions Their Nomenclature and Func- 
tions, J Nutrition (supp ) 13 11-12 (June) 1937 

95 Thiamin Chloride, report of the Council on Pharmacy and Chemistry 
J A M A 109 952 (Sept 18) 1937 

96 Leong, P C, and Harris, L J Antineuntic Potenej of Synthetic and 
Natural Cr^stalhne Vitamin Bi as Determined b\ the '‘Brad\cardia klethod,’ 
Biochem J 31 672-680 (April) 1937 
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min Bi are equall)’- potent, as deteimined by the biad}cardia method, 
and that the antmeuiitic activity of 2 8 to 3 microgiams of the crystal- 
line substance is equal to that of 1 international unit 

It has long been recognized that the activity of thiamin is close!} 

1 elated to that of the oxidation of carbohydiate and particularly of 
jiyruvic and peihaps lactic acid In a recent excellent summaiy of the 
chemical piopeities of thiamin, Williams pointed out that not only 
is it almost ceitain that the disposal of p}ruvic acid by an enzymic 
decarboxylation is one of the functions of thiamin, but thiamm probably 
has other bioad functions as well, suggesting that it is “one of nature’s 
earlier and more fundamental inventions in the piocess of evolving 
life” Furthei evidence of the oxidative lole of thiamin in metabolism 
IS piesented by Tayloi, Weiss and Wilkins,®® who found that the eleva- 
tion of the content of bisulfite binding substances m the blood in ceitam 
cases of vitamin Bi deficiency could not be explained entiiely by the 
presence of acetone, of diacetic acid oi of pyruvic acid McHeni} ®‘’ 
piesented a hypothesis suggesting that thiamin is necessan foi the 
synthesis of fat from caibohydrate 

Reqmiements — The daily intake of thiamin in food by adults is 
piobably in the neighboihood of 1 to 2 mg This amount apparently 
satisfies the lequiiement of man foi the substance, although, as calcu- 
lated b}' Cowgill, the need varies with the weight and with the total 
metabolism of the oiganism CowgilP°° has lecently assembled fuithei 
data on the vitamin B^ requirements of man For infants the estimate 
of the desired intake was based on the amount in mother’s milk, which 
with a maximum thiamin content would be about 80 U S P units 
daily The “American Public Yearbook, 1934-1935” lecommends a 
minimum amount of 50 units dail} CowgilP®® stated that for childien 
the figure for optimum retention of thiamin is six to seven times the 
minimum which prevents beiiberi He stated that duiing piegnancy 
and lactation 10 units for each 100 calories pei day is a safe amount 
to advise Schlutz and Knott concluded that 20 units of vitamin B^ 

97 Williams, R R The Chemistr 3 '- of Thiamin (Vitamin Bi), JAMA, 
to be published 

98 Tailor, F H L , Weiss, Soma, and Wilkins, R W The Bisulphite 
Binding Power of the Blood in Health and in Disease, with Special Reference to 
Vitamin Bi Deficiencj, J Clin Investigation 16 833-843 (Nov) 1937 

99 l^IcHenrj', E W Vitamin Bi and the Sjmthesis of Fat from Carbolu drate, 
Science 86 200 (Aug 27) 1937 

100 Cowgill, G R Vitamin Requirements of Man, J Nutrition (supp ) 
13 23-24 (June) 1937 

101 Schlutz, F W , and Knott, E M The Vitamin B Requirement of 
Children The Effects of Varied Ingestion of Vitamin B upon the Food Con- 
sumption of Children, J Nutrition (supp ) 13 13 (June) 1937 
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for each kilogiam of body weight may be taken tentatively as the 
optimum requirement for children In a series of extensive studies 
Poole, Hamil, Cooley and Macy noted the eftect on 193 normal full 
teini infants over the course of one year of doses of thiamin 90 to 100 
units (Sherman-Chase) higher than the doses given to an appaiently 
normal contiol gioup They said they felt justified m interpreting the 
findings as indicating “that increased amounts of vitamin in the diets 
of infants did aid m promoting a more stabilized giowth and greatei 
nutiitional stability” That a wide maigin exists between minimal and 
optimal levels of thiamin requirement is indicated by the woik of 
Knott 

Deficiency States — Beriberi has been recognized as the classic 
example of thiamin deficiency in man, and the pathologic changes 
observed in this disease have been interpreted as evidence of changes 
characteristic of this deficiency In summarizing his long experience 
with this phase of the disease, Vedder pointed out that the thiee 
piincipal changes have to do with the cardiovascular system, the nei- 
vous system and anasarca Death appears to be caused b) cardiac 
hjqiertrophy followed by sudden dilatation and caidiac failuie, and on 
postmortem examination the right side of the heart is markedly dilated 
and hypertrophied Changes in the nervous system are characteiized by 
degeneration of the myelin sheaths of nerve fibers, which is a constant 
feature and usually affects the majority of fibers These degenerative 
changes involve the sympathetic as well as the somatic neivous system 

In the past year there have been numeious papers of interest legard- 
ing the clinical features of thiamin deficiency in man Strauss has 
summarized the present views on these states of deficiency by indicating 
that the nervous and circulatory systems are predominantly involved 
The diagnoses of alcoholic, diabetic, biliary, gastrogenic and postinfec- 
tioLis polyneuritis, polyneuritis of piegnancy and the Koisakoft sjn- 
diome, he concluded, have all concealed the true diagnosis of thiamin 
deficiency While symptoms of these conditions may be sudden in 
onset, they are generally insidious, and the earliest manifestations 
usually are heaviness of the legs and tenderness of the calf muscles 
when they aie squeezed Weakness of the limbs, burning of the soles 

102 Poole, M W Hamil, B M , Cooley, T B , and Macy, I G Stabilizing 
Effect of Increased Vitamin B (Bi) Intake on Growth and Nutrition of Infants, 
Am J Dis Child 54 726-749 (Oct ) 1937 

103 Knott, Elizabeth M A Quantitative Study of the Utilization and 
Retention of Vitamin B by Young Children, J Nutrition 12 597-611 (Dec ) 
1936 

104 Vedder, E B The Pathologj of Beriberi, J A AI A , to be published 

105 Strauss M B The Therapeutic Use of Vitamin Bi m Polyneuritis 
and Cardiov ascular Conditions, J A M A , to be published 
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and numbness of the doisum and lowei part of the ankle arc next 
to appear, followed by hypesthesia which advances up the leg and thigh 
and h} atiophy of the muscles and of the skm Similar changes occui 
m the upper extiemities when they are involved The difteiential diag- 
nosis of this form of pol} neuritis is usuall} not difficult, accoidmg to 
Stiauss,^®^ foi in the polyneuritis due to poisoning from heav} metals 
particularly lead, the motoi nerves and anterior hoin cells of the spinal 
cord are primarily affected Involvement of sensation is minimal, pain 
IS rare and the uppei extremities are moie often affected m polyneu- 
ritis due to lead poisoning The fiist symptoms of thiamin deficienc\ 
may appear in alcoholic addicts about twenty days aftei total absence 
of thiamin from the diet, according to the observations of Jolliffe, Col- 
beit and Joffe 

The cardiovascular manifestations of thiamin deficienc) have been 
extensively studied by Weiss and Wilkins and consist prmcipall} 
of dyspnea and palpitation on exertion, tachycardia and edema It is 
obvious that these manifestations do not, for the piesent at least, com- 
prise a rigid and easily recognized clinical syndrome, and the diagnosis 
should not be made without additional evidence in the foim of othei 
clinical manifestations of thiamin deficiency, without a history of a 
giossly inadequate diet, without adequate response to treatment with 
thiamin or without the determination of certain technical measurements 
of the circulation The last-mentioned evidence indicates that, whereas 
111 other foims of congestive failure, except that of hypeithyroidism, 
there is conspicuous slowing of the circulation, in cases in which theie 
are cardiovasculai symptoms due to thiamin deficiency, there is an 
increase in both the circulation time and the cii dilatory minute volume 

Other manifestations of thiamin deficiency which have been leported 
over a period of years include gastro-mtestinal changes, such as ano- 
rexia, glossitis, achlorhydria and dial rhea, and changes in the blood 
such as those indicating anemia As Strauss’®" has pointed out, theie 
IS considerable evidence to suggest that these plienomena are at least in 
pait, if not entirely, manifestations of a deficiency of some portion of 
the vitamin B complex othei than thiamin In this connection, the 

106 Jolliffe, Norman, Colbert, C N, and Joffe, P Observations of the 
Etiological Relationship of Vitamin B (B,) to Polyneuritis m the Alcohol Addict, 
Am J kl Sc 191 SlS-526 (April) 1936 

107 Weiss, Soma, and Wilkins, R W (o) The Nature of the Cardio\ascular 
Disturbances m Vitamin Deficiency States, Tr A Am Physicians 51 341-373 
1936, (6) The Nature of the Cardiovascular Disturbances in Nutritional Deficiencv 
States (Beriberi), Ann Int Med 11 104-148 (Julv) 1937, (c) Disturbances 
of the Cardiovascular System m Nutritional Deficiencv, J A kl A 109 
786-793 (Sept 4) 1937 
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studies made by Joffe and Jolliife’^®® on the curves foi gastiic acidity 
of 105 chronic alcoholic addicts are of particular interest These 
authors stated the opinion that an “achlorhydria pieventive factor” 
may be a part of the vitamin B complex but that this factoi is not iden- 
tical with either thiamin or the pellagra-preventive factor Suie and 
Harrelson said they believed that they had conclusively demonstiated 
in rats that deficienc} of the vitamin B complex or of vitamin B^ asso- 
ciated with vaiying degrees of paralysis does not lead to any significant 
change m the rate of peptic digestion, suggesting that, in this species 
at least, deficiency of the vitamin B complex has no influence on this 
phase of gasti o-intestinal function 

The factor causing the anemia commonly found in association with 
deficiency of the vitamin B complex has not been cleaily established 
There is evidence to suggest that it is closely related to the heat-stable 
portion of the complex known formerl}'^ as vitamin B, oi G and now 
recognized as consisting of iiboflavin, the pellagra-preventive factoi 
and possibly other factors A report of considerable inteiest from 
this standpoint is that of Elsom ““ on the occurience of macroc)tic 
anemia in a gioup of pregnant women on a diet adequate m all 
lespects except that in the latter months of pregnancy the intake of 
vitamin B (whole complex) did not equal that estimated to be adequate 
according to Cowgill’s formula In the first place, this study indicates 
clearl}'’ that calculations of vitamin B lequiiement b}' Cowgill’s formula 
are of definite clinical value, that a characteristic anemia of the macro- 
cytic type will develop m cases of deficiency of this complex and that 
symptoms involving the nervous and cardiovascular systems and the 
gastro-mtestinal tract occur early in deficiency of the vitamin B com- 
plex The earty S3unptoms noted m these cases were paiesthesias oi 
impairment of vibratory sensation, susceptibility to fatigue, edema, 
tach3^cardia, and gastro-intestinal S3'mptoms, consisting of anorexia, 
heartburn or a sense of constant fulness m the epigastrium, alteiations 
of the tongue and constipation Observations made by Elsom sug- 
gested that a diet that is adequate m vitamin B (complex) at the outset 
of piegnanc3'- may fail to meet the increased demand for that vitamin 
complex late m pregnancy Prompt response to the changes in the blood 
and other oigans was obtained b3 the administration of yeast orally or 
of liver extract intramuscular^ 

108 Joffe, P Jil , and Jolhffe, Norman The Gastric Aciditj' in Chronic 
Alcoholics, Am J M Sc 193 501-510 (April) 1937 

109 Sure, Barnett, and Harrelson, R T En7\ mic Efficiencj in Avitaminosis 
VII Peptic Digestion in Vitamin B Deficiency, Am J Digest Dis L Nutrition 
4 177-179 (Ma^) 1937 

110 Elsom, Katherine O’S Macrocytic Anemia in Pregnant Women with 
Vitamin B Deficiency, J Clin Imestigation 16 463-474 (Alay) 1937 
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The possibilit} that thiamin may have some elicct on bones, pai- 
ticiilaily in cases of gout, is ^olced by Voihaus,^’^ but confiimation will 
be needed befoie such a piobabihty can be accepted as a fact 

The incidence of thiamin deficiency in the United States is 
unknown While definitely lecognizable beiibeii is uncommon, theie 
IS some evidence to suggest that states of paitial deficienc} aie not so 
iiifiequent Weiss and Wilkins, for instance, ha-\e repoited obser- 
vation on 120 patients in the Boston City Hospital with beiibeii maiked 
by caidiovasculai as well as neuiologic manifestations Even moie 
fiequently patients aie obseivcd Avitli "alcoholic” and othei types of 
polyneuiitis which aie now lecognized as being due to deficiency of 
thiamin 

IJnaimn Tlieiapy — The pievcntion of oi tieatment foi states of 
thiamin deficiency demands the use of foods oi of such substances as 
yeast and wheat geim which aic iich souices of thiamin Ci}stallme 
piepaiations aie available foi oial oi paienteial admmistiation Daily 
intiamusculai oi intiavenous injection of 20 to 50 mg of cij'^stalline 
thiamin is appaiently an adequate theiapeutic dose Laigei doses, as 
much as 90 to 100 mg , have been given without harmful effect Molitoi 
and Sampson, in then studies of the effects of iiici eased doses of 
natural and synthetic vitamin Bi lepoited that in dogs the minimum 
dose of vitamin B^ which is fatal on intiavenous admimstiation is 
350 mg pel kilogiam of body weight A subcutaneous and oial dose 
of fiom six to forty times this amount is needed to pioduce fatal 
lesiilts, the symptoms of which aie shock, musculdr tiemoi, catatonic 
spasm and distuibed lespiiation followed by lespiiatoiy failuie 

In addition to ciystalline thiamin, Stiauss lecommeiided the use 
of plain 01 autolyzed bieweis’ yeast as a convenient means of admm- 
isteiing not only thiamin but other poitions of the vitamin B complex 
Thiity glams of powdeied bieweis’ yeast of good potency admmisteied 
thiee times daily oi 6 Gm of autolyzed bieweis’ yeast given thiee times 
daily IS geneially adequate in the treatment of patients only model ately 
ill with deficiency and without appaient abnoimalities in gastio- 
intestinal function which would inteifere with absoiption In addition, 
dilute livei extiacts, suitable foi intiamusculai injection, given in doses 
of 10 to 20 cc 01 moie dail)'-, aie helpful in conti oiling glossitis and 
cutaneous manifestations of the type associated vith pellagia 

The lesult of efficient tieatment of polyneuiitis depends laigely 
on the duiation and the extent of the disease In cases of acute iiiAolve- 

111 Voiliaus, lit G cited by Stafford, J The Effect of Vitamin Bi on 
Bones, Science (supp ) 85 10 (June 18) 1937 

112 Atolitoi, IT, and Sampson, W L Effects of Increased Doses of 
Natiiial and SMitiietic Vitamin Bi, Nutrition Abstr &. Rev 7 322 (Oct) 1937 
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ment theie ma} be a complete remission of all signs and symptoms m 
a matter of ^\eeks However, in cases of advanced pol}neuiitis the 
response ma} be slow, a mattei of man} months, since it is dependent 
on regeneration of long neive fibers The lesponse of cardiovascular 
symptoms is often remarkable and almost a matter of hours, although 
m cases of long-standing involvement, lecover} may require several 
weeks of adequate treatment 

Because of the similarity m certain respects of thiamin deficienc} 
m animals and sickness following roentgen treatment, Mai tin and 
Mouisund ““ tried the effect of thiamin m these cases, with stiikmg 
clinical results Popp has had a similar gratifying experience 

Methods of detecting thiamin deficiencies rest principally on the 
basis of the previously mentioned clinical changes and on the basis 
of then disappearance aftei thiamin therapy However, certain objec- 
tive methods of examination may prove useful Those observers who 
aie interested pimcipally m experimental thiamin deficiency use such 
methods as the rate of growth m rats, fermentation tests, the brad}- 
cardia test and the thiochrome test, which depends on the oxidation 
of thiamm to thiochrome which is fluorescent Meiklejohn has 
reported a method foi estimating the thiamm content of the blood, and 
there have been several reports of methods of estimating the amount 
of thiamm m the urine Howevei, as yet these methods have not been 
useful as clinical procedures In the group of cases of vitamin B 
deficiency reported by Elsom,^^® Lewy noted some interesting 
chronaximetnc changes m the radial nerves, which he found often 
preceded clinical and hematologic evidence of the deficiency The 
degree of change in the peripheral nerves indicated by chronaximetnc 
examination coincided with the severity of the clinical manifestations 
of deficienc}, and improvement m the neives was noted after vitamin B 
therapy 

All these methods are indiiect and are based on biologic tests which 
necessarily subject them to some variation Consequently, it is of 
great importance that chemical methods of assaying thiamm be devel- 
oped Williams stated that it will be no easy matter to devise a 
satisfactory method of chemical assay for thiamm m foods, for, among 
othei reasons, thiamm occurs in foods in the proportion of from one- 

113 klartin, C L, and Moursund, W H, Jr Treatment of Roentgen 
Sickness with Synthetic Vitamin Bi HCl Preliminarj' Report, Am J Roentgenol 
38 620-624 (Oct ) 1937 

114 Popp, W C Personal communication to the authors 

115 Meiklejohn, A P The Estimation of Vitamin Bi m Blood by a 
Modification of Schopfer’s Test, Biochem J 31 1441-1451 (Sept ) 1937 

116 Leuj, F H Chronaximetnc Examination in B Avitaminosis During 
Pregnanc\, J Clm Imestigation 16 475-477 (May) 1937 



IVILDER-IVILBUR— METABOLISM AND NUIRHIOR 




tenth to foul paits per million, loughly, it is a thousand times le^^s 
alnindant than vitamin C, and it possesses no known physical piopert} 
which IS adapted to delicate testing Prebluda and McCollum and 
moie recently Naiman have suggested methods which ma} pro^e 
useful m the chemical assay of this substance 

Riboflavin {Vitamin Bn ot G, Lacto flavin) — The heat-stable poi- 
tion of the vitamin B complex has been known principally as vitamin G 
m this countiy and as vitamin Bo m England and on the Continent 
In lecent years it has been demonstrated cleaily that this pait of the 
vitamin B complex consists of several factois a flavin, vitamin B, 
and anothei substance closel} related to, if not in fact, the pellagia- 
pieventive factoi of Goldbeigei Foi the flavin factor the teim lacto- 
flavin was originally adopted and appears widely in the liteiature, but 
m Apiil 1937 the Council on Pharmac}^ and Chemistry adopted the 
teim iiboflavm foi this substance to indicate that the compound is a 
iibose derivative of iso-alloxazme 

Riboflavin is a vudel}^ distiibuted yellow substance with a chaiac- 
teristic gieeii fluoiescence, it is found in animal and plant sources 
of food, particulaily in the gieen leaves of actively gi owing plants 
It is lequired by the rat foi giowth and foi maintenance of health 
and probably also by other mammals, including man, although theie 
has been described no specific disease m man due to riboflavin defi- 
ciency Riboflavin has some function in the oxidative piocesses in 
cells and, according to Hogan,^-” is probably an essential constituent of 
the }ellow oxidative enzyme that cannot be synthesized by the animal 
cell 

Accoidmg to Hogan, the flavin content of oigans cannot be 
iiici eased by administiation of large doses of this substance The body 
guaids its store of iiboflavm, although the lattei is found m the mine 
as an excretoiy pioduct when the diet is normal Emmerie has esti- 
mated that the daily elimination of riboflavin in the uiine of man is 
819 to 1,250 miciograms The late of destruction of iiboflavm in 
the body is unknown, but theie is evidence to suggest that some destiuc- 
tion does occui 

117 Prebluda, H P, and McCollum, E V A Chemical Reagent for the 
Detection and Estimation of Vitamin Bi, Science 84 488 (Nov 27) 1936 

118 Naiman, Barnet A Reagent for Vitamin Bi, Science 85 290 (March 19) 
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119 Riboflavin, the Accepted Name for Vitamin B: report of the Council 
on Pharmac-i and Chemistrj, J A kl A 108 1340-1341 (April 17) 1937 

120 Hogan, A G Riboflavin Phjsiologj’' and Pathologj, J A M A, 
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The dail) lecjunement of riboflaMU is unknown Hogan esti- 
mated from Emmeries data that a man should receive from 2 to 3 nur 
of riboflaMU dail} 

The suggestion of Rose is that children up to 10 years of age 
should receive at least 400 units (Bourqum-Sherman) of riboflavin 
a day and that adults should receive 200 units daily for each 100 
calories consumed The figures of Rose and of Emmene and those of 
Stieblmg are essentially in agreement, since Sherman and Lan- 
foid^-^ estimated that the “Bourqum-Sherman unit” of vitamin G 
lepresents about 3 to 5 micrograms of riboflavin Wliethei or not 
larger doses than these will lead to states of better nutiition cannot be 
judged at piesent, although, as Sherman has pointed out in rats, the 
optimal intake of vitamin G (riboflavin) is much higher (probably 
at least fourfold) than the minimal requirement Apparently o^erdoses 
of riboflavin are not toxic 

There has been much speculation in regard to the possible clinical 
lole of iiboflavin States of deficiency of this substance have not been 
reported in man Riboflavin has been reported to be ineffective in 
the tieatment of pellagra in man, and evidently it is neither the intrinsic 
nor the extimsic factor m pernicious anemia 

T/ic Pellagia-Pi event we Factoi , Pellagia — The etiology of pel- 
lagra has been in dispute since the disease was first described That a 
dietai) factor may be significant has been realized for many years, and, 
despite important evidence to this effect which has been obtained in 
the past few years, many clinicians have lieen of the opinion that 
endemic pellagra of the South could not be explained solely on the basis 
of nutritional deficiency Much confusion has been added to flie prob- 
lem because, as Sebi ell has pointed out, there are f oui postulated 
factors about which sufficient evidence exists to warrant discussion 
111 connection wuth the pievention and treatment of pellagra These 
aie riboflavin, the rat antidermatitis factor, or vitamin Bg, the filtrate 
factoi, or chicken pellagra factor, and the pellagra-preventn e (P-P) 
vitamin, or black tongue-pieventive factor 

It has been recognized since the work of Goldbergei that the defi- 
cienc} of a factoi called the pellagia-preventive, or P-P, factor could 

122 Rose, Marv S Laboratorj Handbook for Dietetics, ed 4, New York, 
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125 Sherman, H C , and Ellis, Lillian K Necessar\ Versus Optimal Intake 
of Vitamin G, J Biol Chem 104 91-97 (Jan ) 1934 

126 Sebrell, W H Vitamins in Relation to the Prevention and Treatment of 
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be 1 elated etiologicall} to at least some cases of pellagia m man Sub- 
sequentl}- it was levealed that the P-P factor and the vitamin B com- 
plex are closely i elated In the past 3 'ear there haAC been two important 
obseivations which will piobabl}’- be of great usefulness in leading to 
a solution of the pioblems of the etiology of pellagia and its relation 
to vitamin B deficiency These have to do with the ohsenations of 
Spies, Chinn and McLestei,^-^ who showed that endemic pellagra, like 
so-called alcoholic pellagia, responds to the administiation of a high 
caloiic and high piotem diet, large amounts of yeast and good nursing 
caie, and with the demonstiation that nicotinic acid is eftective in 
leheMiig the symptoms and signs of pellagra 

Spies and his co-woikeis studied a senes of 50 patients "with 
severe endemic pellagia admitted to the hospital for tieatment Foity- 
seven of the patients ieco\eied when given a high caloiic and high 
piotem diet, laige amounts of a potent bieweis’ ^east and geneial 
symptomatic and supportne tieatment, lest and good nursing caie 
Each of the 3 patients who died showed at that time healed 01 healing 
pellagious lesions The specific theiapeutic agents used consisted of 
powdeied bieweis’ yeast in daily quantities of 180 to 270 Gm (best 
given m doses of about 20 Gm each m iced milk) and intravenous 
injections of hvei extract, 20 cc four oi five times daily The study 
of these cases seems to indicate cleaily that endemic and alcoholic pel- 
lagia have the same clinical symptoms and similar lesions and that they 
lespond to the same tieatment They are m fact the same syndrome 
and constitute a cleaily defined deficiency disease This is an impoitant 
obseivation and is of much moie than academic mteiest, foi, as Mus- 
sel has lecently stated 

It IS absolutely astounding that statements are made in which it is said that 
pellagra is rapidly disappearing from the country Pellagra, according to the 
United States Public Health Service statistics for 1930, caused more deaths than 
all the diseases listed as communicable except pneumonia, tuberculosis and influenza 

Pei haps of gieatei mteiest and impoitance aie obseivations of the 
eftect of nicotinic acid m cases of pellagia Elvehjem and his asso- 
ciates^-® isolated nicotinic acid amide fiom active concentiates of hvei 
extiact and discoveied that it, as well as a synthetic prepaiation of 
nicotinic acid, was highly effective theiapeutically m ctiiing black tongue 
m dogs Expel lences vith it m cases of pellagra m man have been 

127 Spies, T D , Chinn, A B , and McLester, J B Severe Endemic Pel- 
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highly successful Spies, Coopei and Blankenhoi n ^ " have lepoited 
the successful use of nicotinic acid by pellagiins in nnpioving and 
healing the fiery led pellagious deimatitis, glossitis, stomatitis and 
^aglnltls with nicotinic acid Since that time Spies has tieated 6 
additional pellagrins, with excellent i esults Smith, Ruffin and Smith 
have also repoited the case of a patient with endemic pellagia who made 
a diamatic recoveiy after the administiation of nicotinic acid m doses 
of 60 mg daily for twelve days The drug was given intiavenousl} , 
intiamusculaily and orall), and the cost of the total amount adminis- 
tered was only 10 cents 

In some studies leported earliei in the yeai Ruffin and Smith 
noted the potency of various livei extracts in the tieatment of pellagia 
They observed that parenteral administiation of livei extiact i esults 
in subjective improvement of pellagiins but that complete healing of 
all the phases of the disease will not occui with this method of tieat- 
ment and that i elapse may follow exposuie to sunshine Howevei, a 
previously ineffective dose of “residue” (what is left of the hvei aftei 
exti action), m addition to paitially effective pai enteral tieatment with 
livei extract, results m complete lecovery These findings suggested 
to Ruffin and Smith that the pellagra-preventive factoi is composed of 
two substances Howevei, since the studies of nicotinic acid have been 
leported, it seems reasonable to speculate that nicotinic acid and the 
pellagra-preventive factoi of Goldbergei are closely i elated, if not 
identical 

The daily requiiement of the pellagi a-preventive factoi is unknown 
The pellagi a-preventive values of various foodstuffs are tabulated in 
the paper by Sebrell,^"® including values principally foi meat, buttei- 
milk, collards, kale, green peas, tomatoes and tomato juice, tuinip 
gieens, wheat geim and yeast 

There is still considerable interest in the i elation of sunlight to the 
cutaneous lesions of pellagra According to Sebiell,^"® who has lecently 
leviewed the evidence on this subject, sunlight in this disease is to be 
regarded as an iiritant Smith and Ruffin repoited that fiom statis- 

130 Spies, T D , Cooper, Clark, and Blankenhorn, M A A Note on the 
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tical and experimental observations it is concluded that exposuie to 
sunlight of a susceptible subject who has been subsisting on a deficient 
diet piecipitates the acute cutaneous manifestations of pellagra Beckh. 
Elhngei and Spies noted that the amount of porphyims excreted 
in the urine of alcoholic pellagrins was usually increased above that of 
noimal peisons and that the increase boie a rough i elation to the mten- 
sit) of the lesions of the skin and mucous membianes 

The diagnosis of pellagia still lests on clinical giound While cuta- 
neous lesions and gastro-intestmal and neivous symptoms are usual!} 
piesent m cases of well advanced pellagia and are characteristic of 
the disease, it is impoitant to remember that all these systems are 
not necessaiily involved m every case, paiticulaily early in the com sc 
of the disease Spies and Cooper^'*® have lecently piesented an excel- 
lent summaiy of the diagnostic featuies of pellagra and ha\e empha- 
sized the extieme vaiiabihty of the symptomatology of the eaily stage 
of the disease 

Othc} Components of the Vitamin B Complex — Nelson has apth 
teimed this group the “intangible membeis” of the vitamin B complex 
The evidence of the existence of these factois has laigely been obtained 
by such chemical methods as sepaiation effected by selective adsoiption 
and difteiences in stability to heat m solutions containing Aai}ing 
proportions of acid and alkali, and by such biologic methods as the 
1 espouses of lats, pigeons and gi owing chicks fed diets of vaiious 
types Whether any of the factois listed earlier in this leview aie 
of significance in the nutiition of man is unceitam Up to the piesent 
deficienc} diseases in man lesulting fiom then absence fiom the diet 
have not been lepoited 

VITAMIN c 

Of considerable inteiest to clinicians have been lecent studies of 
the 1 elation of vitamin C to infectious diseases, to immune and ana- 
pip lactic phenomena and to hemoiihagic conditions 

liemoiihage is one of the outstanding clinical featuies of scuiv} 
and theie has been much discussion of the possible etiologic lole oi 
vitamin C subnutiition m a vaiiety of acute and chionic hemoiihagic 
states Some clinicians have been inclined to feel that -Mtamin C sub- 
nutiition may be a significant factoi in predisposing to hemoiihage 
and Rneis and Cailson m then studies of a gioup of patients with 

135 Beckh, W , Ellniger, P, and Spies, T D Porplnnnuna in Pellagra 
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peptic ulcei noted that in cases in which heinoiihage had occuiied, 
the cevitamic acid content of the blood and mine was less than noiinal 
The response to treatment with cevitamic acid was rapid and complete 
Rivers and Carlson pointed out that the usual diets given to patients 
with peptic ulcer are likely to be deficient in vitamin C and that defi- 
ciency of the vitamin may pla}' a conspicuous lole in the etiology of 
hemoirhagic gastroduodenal lesions Similarly, Lazaius^^® m his 
studies of 15 cases of peptic ulcei with bleeding, found 13 cases in 
which evidence of vitamin C subnuti ition was pi esent , in 3 cases 
in which hemorrhage did not occui , the amount of vitamin C excreted in 
the mine was low also 

In discussing this problem Finkle pointed out that a faiily laige 
proportion of the population suffeis fiom an undersatuiation of vita- 
min C and that there is as yet no evidence to justify the conclusion 
that vitamin C deficiency has a causal relation to any pathologic condi- 
tion other than scurv}'^ Until this pioblem can be finally settled, peihaps 
the most reasonable view to take is that while tieatment of hemoiihagic 
conditions with vitamin C should not be earned out with unlimited 
hope, nevertheless it seems reasonable to advise the use of the vitamin 
therapeutically in many cases of bleeding This view is taken because 
of the ease of administration of the substance and because by so doing 
at least one possible, even if uncertain, factor which predisposes to oi 
perhaps increases the hemoiihagic tendency can be simply, lapidly and 
adequately controlled 

Most patients with infections lequiie Mtamin C in laigei than usual 
quantities if normal levels aie to be maintained in the blood and if 
noimal quantities are to be excieted in the urine Faulknei and Tay- 
lor have indicated that serum levels for cevitamic acid of patients 
with infections are usually well below those of normal peisons They 
found that the amount of -Mtamin C needed to bung the levels of the 
serum and the uiinaiy output to noimal (serum, 0 7 mg pei bundled 
cubic centimeters, urinary output, 15 to 20 mg m twenty-fom hours) 
IS fai greater in the presence of infection than under noimal conditions 
One patient with active tubeiculosis whom they obseived required moie 
than 200 mg of cevitamic acid daily to maintain a normal serum Aalue 
and a normal urinary output 
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There has been much speculation as to the lole which vitamin C 
may play in infectious diseases, particularly in regaid to the possibility 
that a state of partial vitamin C deficiency may piedispose to the 
development of an infection and that vitamin C has definite influences 
on the mechanisms of resistance to infection, including a significant 
action on the function of the coitex of the adienal gland Peila and 
Maimoiston recently reviewed much of the expeiimental evidence 
and some of the clinical obseivations which have been made in this 
lespect and have been able to lepoit certain inteiestmg conclusions 
They obseived that the influence of vitamin C on lesistance to infection 
IS dependent m pait on its impoitance in the pioduction of mteicellulai 
cement substance and that because of ‘'the wide distiibution of vita- 
min C in the body, its chemical pioperties and its influence on tissue 
lespiiation, it is suggested that its lole in natural resistance to infection 
IS dependent on its physiological impoitance m the oxidation-i eduction 
piocess in cellulai metabolism” The physiologic and pathologic altei- 
ations aie cxpiessed clinically by the drop which occuis m natmal 
lesistance to spontaneous and induced bacteiial infection m the scoibutic 
state, even though the pioduction of natural oi immune antibodies is 
unaffected (except possibly that of opsonms) 

Howevei, in a recently published aiticle, Jusat^’*- lepoited finding 
that cevitamic acid undei ceitam conditions is a stimulant to the pio- 
Juction of specific antibodies In rabbits stunted by a diet fiee fiom 
vitamins, he found a reduction m the noimal bacteiicidal titei m the 
blood seium and a 90 pei cent i eduction m tbe powei to foim specific 
antibodies With the admimstiation of vitamins A, B, C and D sepa- 
lately, disappointing lesults weie obtained, since tbeie was no apjne- 
ciable effect on the ability of the rabbits to pioduce antibodies 
However, when these stunted labbits weie given an mtiaxenous injec- 
tion of a massive dose of cevitamic acid (33 to 66 mg ), there was a 
tiansient rise m the noimal (or subnoimal) bactericidal index When 
the intiavenous dose of vitamin C was inci eased to fiom 200 to 500 
mg, a tieblmg of bactericidal powei could be demonstiated as late as 
twenty-four hours aftei the injection, followed by a subsequent fall 
to the initial titei well befoie the sixth day In subsequent studies 
Jusatz^‘“ simplified his technic by adding 100 mg of cevitamic acid 
to each immunizing dose of hoise protein, with the lesult that an 
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aAcrage augmentation of fivefold to sevenfold in the production of 
specific antibodies was noted in the stunted rabbits 

In their discussion of the role of vitamin C subnutrition in tuber- 
culosis and rheumatic infection conditions m which there has been 
widespiead clinical mteiest, Perla and Marmorston stated that it has 
not been unequivocal!} established “what effect chiomc insufficiency 
of Mtamin C in the diet has on natural resistance to a subsequently 
induced chronic infection such as tuberculosis” and that “it is sug- 
gested that undernutrition of vitamin C lowers the natural resistance 
of man to rheumatic infection and that such a nutritional factor may 
pla} a significant etiologic lole in this disease” Fundamental!}, theie- 
fore, the importance of vitamin C in lesistance is secondaiy to its 
essential lole m the maintenance of normal metabolism 

Se\eral papers ha^e been published on studies of vitamin C metab- 
olism m tuberculosis Abbasy, Harris and Ellman reported amaiked 
lowering of vitamin C excretion m tuberculosis and found that a defi- 
nite correlation exists between the severity of the tuberculosis judged 
b} usual clinical standards, and the diminution m urinary titeis Mai- 
tm and Heise made similai observations and concluded that the 
responsible factors may be an abnoimal chemical response of thegastio- 
intestinal tract and an increased requirement of the tissues foi vita- 
min C These workers recen'ed the impression that giving vitamin C 
lmplo^es the prognosis but emphasized that this was only an impies- 
sion 

Rinehart and his associates have presented furthei studies of 
Mtamin C in chronic infections, particulaily m rheumatic fevei and in 
certain cases of chronic rheumatoid or infectious arthritis Accoiding 
to their belief, vitamin C deficiency may be a significant factoi in the 
etiolog} of the two last-mentioned conditions, and the deficienc} is the 
result of a poor intake of vitamin C, anorexia and the digestive dis- 
turbances and intoxications of the disease The studies revealed that 
the vitamin C values for the blood of patients with rheumatic fevei 
uere considerably lower than those for patients with miscellaneous 
infections Discussion continues among experts on nutrition and rheu- 
matism as to whether or not the low vitamin C level of the blood of 
these patients is a matter of cause or effect of the rheumatic disease 
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A close relation between vitamin C and othei t}pes of infection 
has been leported in diplitheiia by Kumagai,’'‘° in osteom 3 felitis by 
Abbasy, Hams and Hill and in whooping cough by Ormerod, 
Unkauf and White Kumagai repoited that he Avas able to i educe 
the mortality of neciotic diphtheiia from 50 pei cent to 30 pei cent 
by the intravenous administration of 400 to 600 mg of vitamin C daily 
(along Avith dextiose and epinephiine) Abbasy and his associates 
found a diminished late of excretion of vitamin C in the uiine of 
patients with chronic osteomyelitis and a lowered i espouse to a test 
dose of the substance, indicative of an appaiently inci eased use of the 
vitamin Oimerod and his co-woikers discovered vaiying degrees of 
hypovitaminosis C in whooping cough and said they believed that they 
weie able to deciease markedly the intensity, numbei and duiation of 
the chaiacteiistic symptoms by saturating each patient with vitamin C 

In summaiizing their obseivations on the i elation of vitamin C to 
infections, Abbasy, Hams and Ellman stated that “it is suggested 
that determination of the Autainin C excietion undei conti oiled condi- 
tions may be of use as an index to confiim tbe piesence of an infective 
state, and also as a piognostic sign to indicate the appaient activity 
of the disease ” 

Vitamin C may play a significant lole also in anaphylactic leactions, 
foi Lemke^^° demonstrated that the daily administiation of vitamin C 
to guinea-pigs sensitized with hoise oi sheep serum resulted in the 
survival of the animals after the lemjection of a dose seveial times 
as laige as an othei wise fatal dose Sensitization as well as shock could 
be inhibited by a single parenteial injection of vitamin C thirty minutes 
bpfore sensitization or a leinjection was given The piactical applica- 
tion of this obseivation Avas demonstiated by Lemke The seium 
rash in childien with diphtheiia who Avere given 1 cc of horse serum 
per kilogram of body weight he was able to i educe considerably by 
admimsteiing 100 to 200 mg of ceAutamic acid by mouth, beginning 
on the day of the injection 
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Defei imnahons of Vitamin C in the Blood and Uune — Pijoan and 
Klemperer have advocated the use of potassium cyanide foi preser- 
vation of the blood to prevent the loss of cevitamic acid by oxidation 
when assays are made by titration with 2,6-dichlorophenolindophenol 
Blood IS collected in tubes containing 5 mg of potassium cyanide and 
10 mg of potassium oxalate Speculation that acetylsahcylic acid might 
influence the urinary content of vitamin C has been denied by Yonmans, 
Corlette, Frank and Corlette^®- They were unable to demonstiate an 
increase m the content of vitamin C or of other reducing substances 
after the injection of 10 to 40 grains (0 65 to 2 6 Gm ) of acetylsali- 
cyhc acid 

Because various factors ma)^ influence the absorption of vitamin C 
from the intestine and may therefore mterfeie with saturation or toler- 
ance tests, Finkle and Wright, Lilienfeld and MacLenathen have 
advocated the use of intravenously administered test doses Finkle 
used a test dose of 100 mg , and in normal persons he observed a rise 
in the \itamin C output of the urine within two to three hours after 
the injection to an average of about five times the pieinjection level 
(0 03 to 0 05 mg pei cubic centimeter of urine, or 13 to 20 mg in 
twenty-four hours) Finkle concluded that with this technic the 
measurement of the total uiinary excretion of vitamin C for about an 
eight hour period during the day, including an approximately six hour 
period after the intravenous injection, suffices to give a true indication 
of the state of saturation of the body with vitamin C Wright and 
his associates used a rnuch larger intravenous test dose — 1,000 mg — 
and reported that normally 500 mg or more of the 1,000 mg test dose 
IS excreted in the urine during the first twenty-four hours and that 
400 mg or moie (80 per cent) of this is excreted in tlie first five hours 
after the injection If such a method of intravenous administration of 
Mtamin C pioves reliable m determining the state of vitamin C nutri- 
tion, it should pro\e exceedingly useful in the futuie, because it is 
relatively simple, it can be carried out in a short time and it is without 
much source of error 

Clinical Studies — Intrai enously'' administered test doses of vitamin 
C have among other advantages that of avoiding influences which may 
interfere with absorption of vitamin C That achlorhydria may be such 
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an influence is suggested by the \\ork of Alt, Chinn and Faimei,^"’ 
who measured the cevitamic acid content of the blood of 49 patients 
with achloih3dria (mostly with pernicious anemia) and found that 
the mean value v as 0 57 ±0 02 mg for each hundred cubic centimeters, 
as compaied with a level of 0 79 ± 0 03 mg for 29 noimal oi control 
subjects Another interesting observation suggesting mterfeience with 
intestinal absorption of vitamin C was that of Hagmann,^°° v ho recorded 
a case of active scurvy m a child 3)4 months old who was receiving 
4 ounces (120 cc ) of orange juice daily The symptoms ueie com- 
pletely relieved after treatment with vitamin C intravenously, and 
the child remained well subsequently when orange juice was given b) 
mouth 

A possibly significant rgle of scuivy m the etiology of chionic sub- 
dural hematoma has been raised by Ingalls In 5 of the 9 cases 
he observed, i oentgenograms of the bones were made, and in 3 cases 
there Avere changes characteristic of scurvy of the long bones 

The use of vitamin C as a therapeutic agent in several miscellaneous 
conditions has been reported recently V olpe has reported remai kable 
lesults following treatment with vitamin C of several patients with 
inti actable psoriasis Hirata and Suzuki concluded that Autamin 
C in large doses was definitely helpful m 10 cases of progiessive 
muscular dystrophy 

VITAMIN D 

Biochemists have found a feitile field in their studies of sterol 
derivatives having vitamin D activity In fact. Bills has recently 
pointed out that the properties of vitamin D aie exhibited by at least 
ten different sterol dern^atives Tavo of these are knoAvn to be of 
prime importance m medicine, namely, actiA^ated ergosteiol and actiA'ated 
7-dehydrocholesterol The vitamin D of viosterol, irradiated yeast and 
yeast milk is identical and consists of activated ergosterol or calciferol 
On the other hand, 7-dehydrocholesterol appeals to be the principal 
actiA'atable sterol or provitamin m cholesterol, the chief steiol of animal 
fats It therefore comprises the Autamm D present in iriadiated milk 

154 Alt, H L , Chinn, Herman, and Farmer, C J The Blood Cevitamic 
Acid in Patients with Achlorhydria, read before the Central Society for Clinical 
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159 Bills, C E The Chemistry of Vitamin D, J A kl A , to be published 



350 


ARCHIVES OF INTERNAL MEDICINE 


It IS produced in the skin on exposure to ultraviolet light, and it is 
probably the chief, although not the only, form of vitamin D m fish 
oils Bills stated that a few of the other forms of vitamin D may 
have some practical significance, although most of them are of theoretic 
interest 

Because of the confusion which has existed in legard to the value 
of various types of milk and other food fortified with vitamin D, the 
Council on Foods recently leviewed^®® the present status of vitamin 
D milk The conclusion which was reached shoflld be helpful to prac- 
ticing physicians The Council made the decision that, foi the piesent, 
milk IS the only common food which will be considered foi acceptance 
when fortified with vitamin D The properties of vitamin D may be 
imparted to milk by iriadiation of the milk, by proper feeding of 
vitamin D prepaiations to cows and by direct addition to milk of either 
natuial or manufactured vitamin D concentrates For those who may be 
interested in the types of vitamin D milk acceptable to the Council and 
in the use of vitamin D milk as a food for infants, children and adults, 
as well as m the requirements and allowable claims for vitamin D 
milk, reference should be made to this summary by the Council 
Investigators who have studied the problem of rickets and vitamin 
D deficiency include Flood and Ravitch,^®^ who, using irradiated choles- 
terol m doses of 400 to 775 U S P units of vitamin D, found that 
as a pieventjve of rickets it was equal and perhaps superior, unit for 
unit, to viosterol or cod liver oil Davidson, Merritt and Chipman 
found that irradiated evaporated milk was considerably less efficacious 
for the protection of the premature infant against rickets than was 
metabolized vitamin D milk when given under identical conditions 
This was probably due to the smaller concentration of vitamin D units 
111 the irradiated evaporated milk Full term infants were practically 
completely protected from rickets with irradiated evaporated milk 
In their extensive experience with viosterol in the pievention and 
treatment of rickets. Shelling and Hoppei reported, as noted in 
the previous review,®'* that they did not encounter total i efractoriness 

160 The Present Status of Vitamin D Milk, report of Council on Foods, J A 
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to viosleiol, and paitial i efractonness was noted m 1 case onl} Con- 
sequently theie IS considerable interest m the repoit b}- Albright. 
Butler and Bloomberg of a case of rickets resistant to vitamin D 
therapy The patient, a bo} of 16, had had rickets since the age of 1 
year Theie was chemical and microscopic evidence of rickets associated 
with secondary hypeiparath 3 ioidism Failure of the rickets to heal was 
not due to mtei ference with absoiption, since vitamin D given intia- 
venously and by iiiadiation did not help Howevei, when massue 
doses, namely, 150,000 to 1 500,000 U S P units, were given daily 
by mouth, the disordei w^as corrected, and healing occuired Albright 
and his associates inteipieted this case as one due to intiinsic resistance 
to the antiiachitic action of Autamin D 

That disease of the livei nia}'- be a factoi m the “mtimsic resistance” 
to the antirachitic effectiveness of vitamin D is suggested by the w'ork 
of Heymann Aftei pioducmg hepatic injuiy m rats by ligating the 
common bile duct oi by inti amuscular injections of carbon tetrachloi ide, 
he observed that m the foimei gioup fiom ten to tivelve times and in 
the latter group fiom two to three times as much vitamin D ivas needed 
to cuie expel imental iickets as in a contiol gioup This was not due to 
alteration in intestinal absoiption, because the vitamin was given 
parenterally , nor was it the lesult of functional impairment of the 
osteogenic cells caused by jaundice The evidence presented by Heymann 
seems to indicate that normal hepatic function is necessaiy foi the noimal 
metabohsm of vitamin D 

It has been presumed foi some time that among othei functions of 
^ itamin D is that of aiding the absorption of calcium f i om the intestine 
In a lecent stud}’’ of the absorption and excretion of calcium and 
phosphorus of a patient aftei ileostomy and colostomy, Johnson 
leported that no evidence was obtained to indicate that viosterol, in doses 
of 3 cc tliiee times a day, had any specific effect on the absorption of 
calcium from the intestine of an adult 

The rate of individual susceptibility to iickets has not been adequately 
studied That in this, as well as in other deficiency diseases, hei editary 
influences may play a part is suggested by the studies of Stieeter, Park 
and Jackson,^®' -who w'ere able by selection and inbreeding to develop 
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two strains of lats that to all appeal ances were alike save that one of 
them leacted more severely to a rachitic diet (vitamin D-free, high 
calcium and low phosphate diet) than did the other strain 

Intoxication with Vitamin D — Because of the fiequent use of mas- 
sive doses of vitamin D in the treatment of chronic aithiitis, hay fever, 
asthma, pulmonary tuberculosis and other conditions, much inteiest is 
attached to the possible toxic effect of such laige doses Steck, Deutsch, 
Reed and Struck lecently repoited obseivations made on 64 dogs 
and 773 persons who had received massive doses of vitamin D They 
concluded that “both human subjects and dogs geneially suivive the 
administi ation of 20,000 units per kilogiam pei day foi indefinite 
peiiods without intoxication ” They added that hj'pei vitaminosis D 
first produces cell injurj'’, followed bj’^ deposition of calcium, but that 
the process is leversible and repaiable if admmisti ation is discontinued 
promptly Any suggestion of lenal dysfunction is consideied by them 
to be a definite contraindication, as is probably also aiteiioscleiosis, 
to the use of excessive doses of vitamin D 

Alleged Decalcifying Effect of Ceieals — One of the most distuibing 
factois in nutrition of infants has been the appaient decalcifying effect 
of cereals Laigely because of the work of Mellanby,^®® it has been 
assumed that cereals contain a substance (“toxamm”) which is respon- 
sible for the inhibiting effect of ceieals on the calcification of bone 
While it has been leahzed that this undesirable effect of cereals can be 
countei acted with vitamin D, it has seemed advisable to investigate the 
evidence m regard to the theory of a “toxamin,” since cereals make 
up such a laige pait of the diet The Council on Foods has lecently 
leported the lesults of such an investigation, and the conclusion i cached 
is that there is no good evidence for the existence of a decalcifying 
factoi m ceieals and that the hypothesis of the existence of such a factoi 
IS not needed to explain expeiimental results The concentration of 
calcium and phosphorus in the diet is just as important as is the latio 
of the two substances m determining the occurience and degree of 
rickets, and the concentration of phosphorus is determined partly by 
the amount of available phosphoius m the diet Ceieals contain phos- 
phates m the form of phytin, in which state it is pooily utilized, 
consequently, if the diet contains a large amount of ceieal theie is 
likelihood of an insufficient absoiption of phosphate, and rickets is moie 
likely to occur The Council concluded, therefore, that there “appears 
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to be no necessity at the piesent time to iriadiate ceieals oi to add 
vitamin D substances to cereal products intended foi geneial human 
consumption in ordei to o\ercome the harmful eftects of a hypothetical 
toxin ” 

Ultiaviolet Radmtiov — The eftects of ultraMolet theiap} aie wide- 
spread, and while much information is lacking in regaid to all the 
specific eftects, it is clearly recognized that the value of ultraviolet therapy 
in rickets is due to the production of vitamin D in the skin Coblentz 
and Luce-Clausen have recently review'ed, respective!} , the physi- 
cal and the chemical aspects of ultraviolet therapy Luce-Clausen has 
pointed oiit that ultras lolet radiation is not a strong therapeutic agent in 
promoting the healing of fiactures, nor do exposures sufficient to produce 
mild erythema and subsequent pigmentation result m beneficial eftects in 
cases of pulmonary tubeiculosis 

Toxicity of Cod Livei Oil — Foi several years theie has been 
discussion of the possible toxic effect of cod liver oil Burock and Zim- 
merman have recently reinvestigated this problem Using as experi- 
mental animals rats and mice, wdiich are supposed to be particularly 
susceptible to cod liver oil, these workers reached the conclusion that, 
111 view' of the small percentage of animals with changes m the tissues, 
even after the consumption of large doses of cod liver oil, the claim 
that cod liver oil m therapeutic doses can exert mjuiious effects cannot 
be substantiated Another point of mteiest which they noted is that 
Davson^"^ has showm that the favorable results obseived after the use 
of cod liver oil m w'ounds are due not to its vitamin D content but to the 
action of the oil in stimulating production of granulation tissue 

VITAMIX E 

At least three substances possess the effect of vitamin E, and as 
yet it has not been cleaily demonstrated that any one of them is 
lequired by man foi normal health or reproduction In fact, the 
necessity of vitamin E foi normal embryonic growth m animals other 
than the rat and the mouse has not been established Mattill,^"^ m a 
recent leview of the subject, pointed out that vitamin E is associated 
w ith antioxidants in nature and that it is readily susceptible to oxidative 
destruction More specifically, it seems to play some essential lole in 
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the nuclear activities involving chromatin and is indispensable, especially 
in tissues in which cellular proliferation and differentiation are unusually 
rapid 

Of principal clinical interest is the possible etiologic role of a 
deficiency of vitamin E in threatened and spontaneous aboition and of 
an excess of the vitamin in malignant disease Widespread interest has 
been aroused by the striking report of Rowntree, Lansbury and Stein- 
berg that when lats are fed a crude preparation of ethei -extracted 
wheat germ oil, in addition to an ordinary stock ration, malignant tumors 
develop which have the chaiacter of spindle cell sarcoma and which 
involve the gastro-intestmal tract and peritoneal cavity * Mattill 
said that whatever the agent causing these tumors may be, it is not 
vitamin E 

It IS difficult to obtain proof that vitamin E is of value in the treat- 
ment of sterility and habitual abortion in human beings While Shute 
and otheis have continued to report satisfactory results with wheat 
germ oil in the treatment of such conditions as abiuptio placentae, it 
seems reasonable to conclude with Mattill that moi e clinical evidence 
IS greatly needed to establish the usefulness of vitamin E therapy in 
abnormal human reproduction 

VITAMIN F 

Interest in certain unsaturated fatty acids, such as hnoleic acid, at 
one time known as vitamin F, has been aioused lecently because in the 
advertisements of some cosmetologists it has been suggested that vitamin 
F IS of value in the treatment of many abnormalities of the skin when 
added to the diet or when applied externally to the skin Bacharach,^'® 
who lecently leviewed the hteiature on the subject, found that there 
IS a lack of any well established facts to justify the recommendation of 
vitamin F to the public for external application to the skin in cosmetics 
Somewhat the same stand is taken by the Bureau of Investigation of 
the American Medical Association,^’^® which has repoi ted its investigation 
of a preparation of this type Howevei, Weinstein and Glenn on 
stated that these substances may be of value in a number of diseases of 
the skin, including allergic eczema 

176 Rowntree, L G , Lansbury, John, and Steinberg, A Neoplasms in 
Albino Rats Resulting from the Feeding of Crude Wheat Germ Oil Made by 
Ether Extraction, Proc Soc Exper Biol & Med 36 424-426 (April) 1937 

177 Shute, Evan The Early Diagnosis of Abruptio Placentae and Its Treat- 
ment with Wheat Germ Oil, Am J Obst & Gynec 33 429-436 (March) 1937 

178 Bacharach, A L Vitamin F, Nutrition Abstr & Rev 7 355 (Oct) 1937 

179 Rats and Vitamin F (^) m Cosmetolog}% report of Bureau of Investiga- 
tion, J A AI A 108 1279 (April 10) 1937 

180 Weinstein, M L, and Glennon, Katharyn Vitamin F Ointments, Illinois 
M J 71 477-479 (June) 1937 



WILDER-WILBUR— METABOLISM AND NUTRITIOL 


355 


VITAMIIv K 

Little of clinical significance concerning the usefulness of the anti- 
heinorrhagic factor known as vitamin K has been added to tliat noted in 
the review last year Apparently this substance may play some role 
in the production of prothrombin, for in certain species of animals, 
deficiency of \itamm K leads to a decrease in the prothrombin content 
of the blood The possible importance of this observation in cases of 
jaundice in which bleeding may be a serious symptom has recently been 
discussed editorially in The Joiuml of the American Medical Associa- 
tion and IS illustrated by the fact that the prothrombin content of the 
blood of patients with jaundice has been found to be diminished Since 
vitamin K is fat soluble and there is frequently interference with the 
absorption of fat in patients with obstructive jaundice, the possibility 
has been suggested that the prothrombin deficiency of jaundiced patients 
ma} be due to deficiency of vntamin K So far, studies on this phase of 
the problem have not been reported, although therapeutic trial is clearly 
indicated In fact, with the exception of the report of Dam, Schj5nheyder 
and Lewis,^®^ who observed no beneficial efifect from the use of vitamin 
K in a case of hemophilia, little is known of the possible influence of 
the substance in man 

Almquist,^®’ who has been actively engaged in stud>ing vitamin K 
metabolism in chickens, has obtained the antihemorrhagic substance in 
the form of a colorless cr}'stalhne fraction extracted from commercially 
deh}drated alfalfa It contains one or two benzene rings Almquist 
and Stokstad have also described a rapid procedure for the assay of 
vitamin K in chicks 

VITAMIN T 

A description of possibly another new dietaiy’^ factor which may 
be of importance in influencing the blood has been given by Schift and 
Hirschberger,^®^ who found that it is possible to produce with regularity 
an increase in the number of platelets in the blood of normal children 
The unknown factor responsible for this reaction is present in sesame 

181 Prothrombin Dcfiaenc\ in Jaundiced Patients, editorial, JAMA 108 
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oil but not in cod liver oi olive oil and is therefore not Autamin A 
From 8 to 10 diops a day of sesame oil was an effective dose m produc- 
ing a 1 ise in the platelet count Schiff and Hirschberger have suggested 
that this ma}^ be a new fat-soluble vitamin, foi the present designated as 
the fat-soluble T factoi 

VITA.MIN p 

Szent-Gyorgyi,^®® who has played such a piomment part m the 
isolation and studies of the chemical activity of vitamin C, recently 
announced that deficiency of vitamin C is not the only factor i esponsible 
for expel iniental scurvy He stated as his opinion that anothei substance, 
which he named vitamin P, although not responsible alone for any 
clinical symptoms, when present m deficient amounts greatl}'' modifies 
the pathologic pictuie of vitamin C deficiency in the expeiimental animal 
Vitamin P appeals to be closely related to vitamin C and is a natural 
companion of vitamin C m plants Zilva ‘ and his* associates wei e 
unable to confiim these findings 

ANTI-GIZZARD-EROSION FACTOR 

In one of his eaily papers on hemorrhagic disease m chicks, Dam 
reported among other abnormalities associated with this disease the 
occuiience of erosion in the gizzard Recently, because of the great 
interest m the possible relation of ulcerating lesions of the stomach 
and duodenum to deficiency syndiomes, attention has been focused 
again on this obseivation, which has been repeatedly confirmed It has 
been shown cleaily that the responsible factor is not identical with 
vitamin K, since the former is thermolabile and is contained in the 
saponifiable fraction of alfalfa, Avhereas vitamin K is heat resistant 
and occuis in the unsaponifiable fi action of alfalfa The anti-gizzard- 
erosion factor is found in alfalfa as well as in kale, hempseed, wheat 
bian and othei greens and cereals Ivy suggested that the piimary 
defect resulting from the deficiency of the anti-gizzard-erosion factor 
may be resident in the liver rather than m the gastric mucosa Cheney 
has repoited that the factor is curative as well as preventive of erosion 
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111 the gastiic mucosa and that icstoiation to a noimal-appcaiing mucosa 
takes place within about thiee weeks aftei adequate amounts of alfalfa 
have been added to the previously deficient diet of chicks with mucosal 
erosions As )'et theie is no evidence to indicate that the anti-giz/aid- 
eiosion factoi is of importance in man It seems doubtful that it will 
piove of much impoitance in the pioblem of peptic iilcei, but much 
clinical obseivation will be needed to settle this point 

PROTEIN 

Intel esting woik on the biologic aspects and nutiitive significance 
of pioteins has been lepoited by Beigmann and Niemann and by 
Rose As a lesult of extensive studies of amino-acids Rose noted 
that theie aie twenty-two common amino-acids, of these, ten are 
essential, namely, lysine, tiyptophan, histidine, phenylalanine, leucine, 
isoleucine, thieonme, methionine, valine and aiginine 

The old pioblem of the protein lequirement of man has been leviewed 
again by Leitch and Duckwoith They have estimated that the requne- 
ment foi adults on a mixed diet, including animal and plant piotein, is 
about 50 Gm daily Evidence is piesented which indicates that an intake 
consideiably above this level may be lequned foi the ibamtenance of 
health and foi a high state of physical development No evidence has 
been piesented to show that a high protein diet is haimful Because 
of these conclusions, which aie in fundamental agi cement with those 
of most expel ts on nutrition, it is of inteiest to lead the lepoit by 
Stiieck^®'* of metabolic studies of a healthy man of 70 ycais who foi 
years had been on a diet containing about 30 Gm of piotem daily The 
physical efficiency of this man was excellent, and he maintained a posi- 
tive nitiogen balance except when sick In fact, theie was no mci eased 
excretion of nitrogen aftei the most stienuous bodily laboi Akyioyd 
lepoited that deficiency disease and malnutrition aie extremely com- 
mon in the South of India, and that the childien of one gioup of 
inhabitants live on tapioca only Tlie aveiage dietary intake amounts 
to appioximately 2 pounds (900 Gm ) of tapioca a day, which has a 
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caloric value of 1,500 and contains about 12 Gin of protein With this 
low intake of protein, the children suivive, although they are poorly 
nourished 

IRON 

Each year brings a little dealer understanding of the nutritional 
value of iron and of the relation of deficiencies of iron to anemia As 
Heath and Patek have noted in their extensive review of the anemia 
of iron deficiency, the extent of the deficiency in this disease can be 
determined quantitatively at any time from the hemoglobin content 
of the blood, and the deficient factor, iron, can be supplied quantitatively 
They have stated that while 12 to 15 mg of iron daily is usually con- 
sidered to be an optimal intake, diets containing much less than this 
amount will maintain the iron balance Increased demands for iron 
are noted during growth, pregnancy, lactation and menstruation The 
authors expressed the belief that need for iron and loss of iron must 
play a primary lole m the causation of hypochromic anemia, whereas 
dietaiy deficiency of iron or malabsorption of iron in a diseased gastro- 
intestinal tract IS of secondary importance 

Some other inteiesting observations and speculations regarding the 
effectiveness oPmassive doses of iron m hypochromic anemia have been 
advanced by Fowler and Barer and by Brock and Huntei These 
observers noted that when large amounts of iron were administered, 
much more iron was absorbed than was converted into hemoglobin 
For example, in Fowler and Barei’s study an average of 32 6 per cent 
of the iron administered orally in the form of iron and ammonium citrates 
was retained, but only approximately 1 96 per cent of the iron adminis- 
tered was utilized in the formation of hemoglobin In fact, as Brock 
demonstrated, if smaller than massive doses of iron are administered or 
if treatment is interrupted prematurely, many patients will not be cured, 
despite the absorption and deposition of large quantities of the metal 

Following through with this evidence and that produced by their 
studies of non metabolism in polycythaemia vera, McCanse and Wid- 
dowson have pi opounded an interesting new theory of the absorption 
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and excretion of iron They have concluded that the body has httle 
power of excreting iron and that the metabohsm of iron under normal 
arcumstances is governed by the control of iron absorption rather than 
by the excretion of iron The concentration of iron in the plasma is 
normally low and w hen it rises, the excess is stored The concentranon 
of iron in the intestine of a person on a normal diet is usually so low that 
the diffusion gradient is not steep enough for much absorption to occur 
unless the concentration in the body fluids and tissues is subnormal 
as in anemia follovnng hemorrhage \Vlien iron is administered m 
massive doses die diffusion gradient in the intestine rises and a positive 
balance is established It is believed that the bone marrow is sluggish 
in h}'pochromic anemia and tliat it is snmulated onh* by tlie presence 
of a high concentration of iron vhicli it is difficult for tlie plasma to 
maintain because of the storage capacines of certam organs The 
tlireshold phenomenon is consequently one of a threshold of marrow 
stimulation rather than of intestinal absorption. Barer and Fowler-®^ 
have indicated that patients vutli aclilorhydna show a decreased reten- 
tion of iron vnth an ordinary* dietar} intake of iron but tliat adilor- 
h}dna does not influence tlie retention of iron when large amounts are 
given b}* moutli The addition of hidrochlonc aad did not increase 
the retention of iron vnth eitlier a high or a normal intake of iron 

Another interesting problem in iron metabohsm wlucli seems a little 
closer to solution concerns the meclianism which prevents more than 
the expected degree of anemia in infants after birth and durmg the 
period when milk is die pnnapal if not die only source of nounsliment 
and die intake of iron is not equal to the demands Predously it has 
been suspected that die store of iron in the h^ er ser\*es as the reservoir 
to “carr}’ over the blood dunng this penod but recendy it-°- has 
been obsen'ed that die hepatic resene is not so large as was prenously 
thought to be the case and diat die demand for iron is satisSed by 
consen'ation of that which is present in er}’throc\'tes destroyed during 
die earh* months of life 

COBALT 

That cobalt ma}* be one of die “litde dungs m nutrition is suggested 
b}' the observations of Denham that domestic ammals in New 
Zealand which have '‘bush sickness may be treated ividi amazing suc- 

201 Barer, A P , and Fow ler W Influence of Gastric Aaoitv and 

Degree of Anemia on Iron Retention Arch Int. Med 59-785-792 (Mav) 1937 

202 Iron Metabolism in Earlv Infancn*, editonal T A M A 109:'’7Q dulv 

24) 1937. ‘ 

203 Denham H G • Cobalt Imesbgation in New Zealand. Saence 85-383 
(-\pril 16) 1937 
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cess by the addition of traces of cobalt to the diet Kato said that 
cobalt when administered in doses of appi oximately one tenth that of 
iron appealed to accelerate the foiniation of erythiocytes and hemo- 
globin in the blood of infants with nutritional anemia 

ZINC 

Hove, Elvehjem and Hart-®® studied zinc deficiency in lats and 
were able to present it by giving 40 miciogiams of zinc daily They 
postulated that zinc is involved in the pioduction or utilization of some 
hormone of the pituitary gland which controls the motility and tonus 
of the intestinal tract 

POTASSIUM AND MAGNESIUM 

Since Addison’s disease is being successfully tieated by seveial 
measuies, one of the most useful of which is a diet low in potassium, 
It IS of mtei est to note the report of Schi adei , Prickett and Salmon 
on the effects of potassium and magnesium deficiency in the rat Chai- 
acteristic symptomatic and pathologic changes developed in these ani- 
mals and lesulted in death in an aveiage of thiee to five weeks The 
deficiency of potassium and magnesium in these animals was marked, 
while in patients with Addison’s disease the intake of potassium is 
usually 1 educed to 2 Gm daily Wildei has lepoited that at the 
Mayo Clinic no untowaid effects ha\e been obseived m patients with 
Addison’s disease tieated with a low potassium diet 

CALCIUM 

Theie ha^e been two leports of inteiest dining the past yeai m 
legard to the calcium lequirements of man and the lalue of calcium 
therapy in dentisti} 

Leitch,-®® of the Imperial Buieau of Animal Nutrition of the 
Rowett Research Institute, m Aberdeen, has summarized the available 
evidence on the calcium lequirements of man He found that the main- 
tenance requirement of calcium for adults is estimated as 0 55 Gm daily 
(Sherman estimated it as 0 45 Gm ) There is no evidence to show 

204 Kato, K Iron-Cobalt Treatment of Physiologic and Nutritional Anemia 
in Infants, J Pediat 11 385-396 (Sept ) 1937 

205 Ho\e, E , Elvehjem, C A, and Hart, E B The Physiology of Zinc in 
the Nutrition of the Rat, Am J Physiol 119 768-775 (Aug) 1937 

206 Schrader, G A , Prickett, C O , and Salmon, W D Symptomatology 
and Pathology of Potassium and Magnesium Deficiencies in Rats, J Nutrition 
14 85-104 (Juh) 1937 

207 Wilder, R M Personal communication to the author 

208 Leitch, I The Determination of Calcium Requirements of Man, Nutrition 
Abstr & Rev 6 553-578 (Jan ) 1937 
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what additional allowance is leqiiiied “foi health,” but it is probable 
that such an allowance should be made Leitch said the evidence sug- 
gests that senile osteopoiosis may be due in pait, at least, to calcium 
deficiency and that the daily minimum gioss lequiiements, assuming 
a maximal piobable letention of 50 pei cent of the intake, is as follows 


Age 

Gm 

6 months to 2 yeais 

08 

2 to 9 3 'ears 

09 

9 to 15 years 

10 

15 to 16 years 

20 

16 to adult age 

Gr; 


Gradual decrease to adult level 


In anothei summai}^ of the piesent situation in legaid to calcium 
theiap} 111 dentistiy the Council on Dental Theiapeutics of the Ameii- 
can Dental Association-®^ made the following lepoit 

1 All the calcium and phosphoius requirement for aveiage needs, including 
pregnancy and growth, may be suitably obtained by means of an adequate diet 
containing not only calcium and phosphorus but also other necessary factors, 
such as caloric, protein and other mineral and vitamin requirements 2 There is 
no carefully controlled evidence that the addition of calcium and phosphorus 
compounds, whether inorganic or organic, promotes retention of these elements 
and hence freedom from dental disorders except in known cases of deficiency 
3 There is no evidence that the injection of combinations of calcium and phos- 
phorus in addition to diets adequate in these elements promotes the development 
of sound teeth m the human fetus The calcification of teeth is a postnatal 
t\ent 


THE SIGNIFICANCE OF MILD FORMS OF DEFICIENCY DISEASES 

Modem clinicians, public health expeits, hygienists, experts in 
dietetics and otheis interested in public health may well feel confused 
about the leal significance of much of the infoimation that is so rapidly 
accumulating in the field of nutiition How is one to meet the major 
pioblems of nutiition which Minot said “concern supplying a diet 
optimal in multiple factois foi each given individual at each stage of 
hfe”^ We aie also leminded that “nutiition intimately concerns the 
welfaie of man and his place in futuie histoiy will depend in no small 
pait on what he decides to eat” One almost wondeis how man was 
successful in keeping alive and healthy dining the thousands of yeais 
preceding the past twenty-five jeais, which have seen the dawn of the 
“newel knowledge of nutiition” Peihaps one explanation may be the 
wide limits which exist in the capacity of the animal oiganism to meet 
its enviionment Howevei, an inteiestmg editoiial entitled “Blown 

209 Council on Dental Therapeutics of the Amencan Dental Association, cited 
in Calcium Therapy m Dentistry, editorial, JAMA 108 1655-1656 (May 8) 
1937 
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Bread Versus White,” which has been published in a recent nuinbei of 
the BnUsh Medical Journal , offers another explanation By means 
of careful estimations of the vitamin Bi content of brown bread and 
of white bread and of the rations of bread consumed by soldiers and 
by citizens of Great Britain many years ago as compared with those 
consumed today, it was found that the change in character and con- 
sumption of bread alone has caused a reduction in available vitamin B^ 
from 550 to less than 60 international units a day (500 international 
units probably represents the physiologic requirement) It was esti- 
mated that the ration of the soldier in 1670 contained 1,000 intei national 
units of vitamin B^ a day and that m 1782 the diet of the parish poor 
contained 660 to 850 units Indeed, the best-fed members of the popu- 
lation today, while receiving twice as much vitamin B^ as is leceived 
by persons with a low income, consume less vitamin B^ than did the 
parish poor of the eighteenth and early nineteenth centuiies 

Publication of several reports of nutritional surveys of various 
gioups of the population of this country and of England suggests that 
malnutrition and deficiency diseases are common On the other hand, 
it IS difficult to convince skeptics who are not of this belief, because 
criteria are still indefinite and a standaid of the state of nutrition is 
dfficult to define Some progress is being made in this direction, how- 
ever During the World War and in the postwar period, such simple 
physical characteristics as weight, height and age were taken to indicate 
the nutritional status of the individual As knowledge of the vitamins 
advanced, previous criteria of nutritional standards have been modified 
to include the presence or absence of gross evidence of deficiency dis- 
ease, and as information has accumulated leading to interest in the 
physiologic changes which occur before gross pathologic changes 
become manifest in deficiency disease, the problem of the assessment 
of nutrition has become increasingly more difficult 

Reports of methods of assessing the nutritional status of individuals 
have been published by McCollum and by the Health Organization 
of the League of Nations Methods of assessing the incidence of 
certain phases of deficiency disease have been reported by many work- 
ers, as noted previously in this review Some of these indicate that 
apparently minor physiologic alterations, such as slight impairment of 
the ability to adapt the eyes to darkness or a content of vitamin C m 

210 Brown Bread Versus White, editorial, Brit M J 2 752-753 (Oct 16) 
1937 

211 McCollum, E V Nutrition and Public Health, Proc Ann Conf, Mil- 
bank Memorial Fund, April 1937, pp 61-75 

212 Report on the Work of the Group of Experts Appointed to Study Methods 
of Assessing the State of Nutrition in Infants and Adolescents, Bull Health 
Organ , League of Nations 6 129-204 (April) 1937 
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the blood and urine below so-called normal levels, are common even 
among such well fed persons as Americans Those who present these 
physiologic changes are usually unaware of them, and special tests are 
lequired for their detection These changes can usually be corrected by 
administration of the vitamin which is deficient, but, again, the subject 
may notice no elfect aftei such treatment 

What IS the significance of these findings^ Does it matter if other- 
wise normal persons have such slight physiologic alterations^ As the 
Lancet stated editorially,^^® “the physiologist will be quite sure that it 
does ” The answer is that no one knows, but that such changes are 
probably significant seems reasonable to believe, for, as Minot has 
well expressed it 

If the optimal, not usual, diet for man at all ages and under varying cir- 
cumstances of his activity and enviionment were known, and if throughout 
generations each person took an ideal diet — one nicely adjusted with respect 
to all its constituents at an optimal level for the best possible achievement — not 
only would much illness be prevented but the physical and mental development of 
man would be improved, leading to consequences of vast importance 

Latent Deficiency Disease — In previous sections of this review it 
was pointed out that it has been possible by selection and inbreeding 
to develop two strains of lats that in appearance were alike save that 
one of them reacted more severely to a rachitic diet than the other 
This IS a rather startling example of the effects of inbreeding and selec- 
tion and illustrates the fact that some of the characteiistics which make 
up individual variations are the result of fundamental and inheritable 
reactions of living things In this connection, recent studies reported 
by Bloomfield and by French and Bloomfield are of considerable 
interest Bloomfield observed that when a series of rats of the same 
breed and of approximately the same age were placed on a defective 
diet, there was great individual variation in the loss of weight Since 
on repetition of the experiment after the loss of weight had been 
restored by a normal diet, the rats which lost the most weight in the 
first instance tended to do so again, it is suggested that resistance to 
loss of weight with a defective diet seems to be in some cases a char- 
acteristic of the individual and not a matter of chance From obser- 
vations of a somewhat similar character, French and Bloomfield 
reported that rats which had lost weight as a result of a defective diet 

213 An Objective Test of Nutrition’ editorial. Lancet 2 1025 (Oct 30) 1937 

214 Minot, G R Harvard and Nutrition, New England J Med 215 1147- 
1149 (Dec 17) 1936 

215 Bloomfield, A L Individual Variations in Susceptibility to Dietary 
Deficiency, J Nutrition 14 111-116 (Aug) 1937 

216 French, L R , and Bloomfield, A L “Latent Deficiency” in Rats Varia- 
tions in Weight Loss on Repeated Feeding of a Defective Diet, J Nutrition 14 
117-129 (Aug) 1937 
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and had then been lestoied to “noimal” b}'’ stock lations showed a inoie 
lapid loss of weight if placed on the same deficient diet foi a second 
time It IS lemarkable to note that this unexplained phenomenon of 
“secondaiy lapid weight loss” will occui aftei as long an mteival as 
eighty days between the fiist and the second peiiod of defective dietaiy 
intake These findings piesent expeiimental evidence in keeping with 
clinical obseivations that the undesiiable influence of a faulty diet in 
the zone of paitial deficiency may become detectable only aftei yeais 
or generations and that a deficient diet may impaii consideiably the 
vigor and lesistance of the individual foi some peiiod aftei lesumption 
of a noimal diet 

Spuie — In the leview published last yeai, note was made of the 
lemaikable effect of livei extiact on the appeaiance of the gastiic 
mucosa of patients with pernicious anemia and on the motoi functional 
activity of the small intestine of patients with spiue without anemia 
Baikei and Rhoads-^' have extended the lattei studies to include the 
effect of livei extiact on the absorption of fat in spiue They stated 
that they weie inclined to feel that m spine, livei extiact exeits some 
specific effect on the absorptive powei of the intestinal tiact, because 
in 3 of 5 cases of spiue, pievious inability to absoib fat in noimal 
quantities was oveicome, and the postabsoi ptive levels of fat m the 
blood appioached the noimal 

MISCELLANEOUS OBSERVATIONS 

Repoits of the Council on Foods of the Aineucan Medical Asso- 
ciation — Duiing the past yeai the Council on Foods of the Ameiican 
Medical Association has issued a series of lepoits which summaiize 
m a judicial way infoimation of consideiable inteiest in legaid to cei- 
tain phases of nutiition These include lepoits entitled "The Nutii- 
tional Significance of the Curd Tension of Milk,” “The Nutiitional 
Value of Spinach,” "The Alleged Decalcifying Effect of Ceie- 
ais” iro “Stiained Fiuits and Vegetables in the Feeding of 
Infants”--® In summaiizing the evidence on the significance of the 
cui d tension of milk, the Council made the following statement 

In general, milk that has a low curd tension as determined by appropiiate 
laboratory methods lea\es the stomach more quickly than milk that does not 

217 Barker, W H , and Rhoads, C P The Effect of Liver Extract on the 
Absorption of Fat m Sprue, Am J M Sc 194 804-810 (Dec ) 1937 

218 The Nutritional Significance of the Cuid Tension of Milk, report of the 
Council on Foods, J M A 108 2040-2041 (June 12), 2122-2123 (Jun&19) 1937 

219 The Nutiitional Value of Spinach, report of Council on Foods, JAMA 
109 1907-1909 (Dec 4) 1937 
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on Foods, JAMA 108 1259-1261 (April 10) 1937 
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have this property The evidence is meager, howevei, that any soft curd 

milks are “better digested” or more completelj’^ digested than ordinary boiled 
milk 

The gist of the leport on the alleged decalcif3ang effect of ceieals 
has been noted in the section on vitamin D In summai iziiig the evi- 
dence on spinach the Council noted that 

Spinach may be regarded as a rich source of vitamin A and as a contiibutor 
of vitamin C, iron and roughage to the diet While the total iron content 

of spinach is high as compaied with other vegetable foods, the evidence shows 
that this iron is not wholly available and is not well utilized by infants Evidence 
regarding the amount of the iron of spinach that is available to older children 
and adults has not been reported at the present time The calcium of spinach 
is not well utilized by the organisms because it is present largely in the form 
of calcium o\alate, which is insoluble in the fluids of the alimentary tract 

Suminanes oi Symposia of Impo) lance m Null it ion - — Duiing the 
past year theie has appeared a book entitled “The Avitaminosis” by 
Eddy and Dalldoif which coveis most of the chemical, clinical and 
pathologic aspects of the vitamin deficiency diseases Foi those who 
may be inteiested in some of the recent advances in nutiitional research, 
particularly with legaid to the cheniistiy of vitamins, reference may 
be made to an article by McCollum--- Another excellent summai y of 
nutrition and of deficiency diseases is that published by a gioup of 
workers on problems of nutrition at Haivaid, having been presented 
by them at the Harvard Teicentenaiy Celebiation --® A piactical hand- 
book, which is a brief compendium of new infoimation about the 
chemistry of the vitamins, units of measuiement and tables of the vita- 
min content of foods, has just been issued by the United States Depart- 
ment of Agiiculture This excellent summai y, which will be invaluable 
to dietitians, is entitled “Vitamin Content of Foods ” It was compiled 
by Esthei P Daniel and Hazel E Munsell --■* and may be obtained fiom 
the Government Piinting Office for 15 cents 

221 Eddy, W H , and Dalldorf, Gilbert Avitaminosis, Baltimore, Williams 
& Wilkins Company, 1937 

222 McCollum, E V Recent Advances in Nutritional Research, J Michigan 
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AMERICAN PHYSICIANS’ ART ASSOCIATION 
EXHIBITION 

The American Physicians’ Art Association, a national organization of members 
of the medical profession who have ability m the fine arts, will hold ifis first 
national exhibition in the San Francisco Museum of Art in June 1938 (The 
Annual Session of the American Medical Association will be held from June 13 
to 17 in the same city ) 

The American Physicians’ Ait Association already has an outstanding mem- 
bership Theie are three classifications for membership active, associate and con- 
tributing 

The first annual exhibition of the association promises to be of unusual inteiest, 
with entries to be accepted (after selection by a }uiy) in the following classes 
oils, ivatercolors, sculpturing, photographs, pastels, etchings, crayon drawings, pen 
and ink drawings (including cartoons), ivood carvings and book bindings Scientific 
medical art w'ork will not be accepted The exhibition is not limited to first 
shownngs All entries must be received by April 1 Any phvsician interested 
should communicate at once wnth the Secretar}'- of the American Physicians’ Art 
Association, Suite 521-536 Flood Building, San Francisco 
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Functionelle Pathologie By Gustav von Bergmann Second edition Price, 
25 marks Pp 547, with 73 illustrations Berlin Julius Springer, 1936 

The new edition of this text will be welcomed with the same enthusiasm which 
attended the presentation of the first edition in 1932 Von Bergmann approaches 
disease from the standpoint of functional pathology, proceeding from a general 
discussion in the first chapter to a specific consideration in succeeding chapters 
of the important organs — colon, stomach, pancreas, duodenum and biliary tract, 
followed by a consideration of inflammation, the vitamins and hormones, diabetes, 
thyroid states and vascular, cardiac and nervous problems Such an approach to 
disease is stimulating in at least two ways First, it integrates for the reader 
related diseases and passes from the normal to the abnormal function of organs 
with a clarity of understanding impossible to attain from a study of the isolated 
disease entities alone Second, it instills in the student of disease a realization 
of the importance of knowledge of normal function of tissues, leading to an easy 
comprehension of the mechanisms of disease 

When possible the author leads to new concepts through a brief historical 
approach, and although his own researches and views are presented, full con- 
sideration is given controversial subjects, for example, the etiology of peptic ulcer 
The reader is not denied the opportunity to judge conflicting data Von Berg- 
mann’s investigative interests have been so wide in their scope that, whether the 
reader is a gastro-enterologist, cardiologist or psychiatrist, he will feel the unusual 
familiarity and knowledge of the author in his particular field Free reference is 
made to the important literature, which is, of course, chiefly continental, and a 
bibliography is appended to each chapter 

The rarity of adequate texts of this type and the wide interests of the author, 
who IS in active touch with so many branches of the fields covered, will make this 
book of interest not only to the general reader but as well to those who specialize 
in the various subdivisions of internal medicine 

Einfuhrung m die pathologische Physiologie By Max Burger Second 
edition Price, 24 marks Pp 454, with 43 illustrations Berlin Julius 
Springer, 1936 

Twehe years have elapsed since the first edition of this text appeared The 
remarkable advances in knowledge of the mechanisms of disease since that time 
ha\e demanded a complete rewriting, particularly of the important chapters on 
the vitamins, nutrition and the endocrine glands The elapse of such a long time 
makes one wonder why the author has failed to keep this work abreast in a field 
continually bristling with activity and new thought 

The well known aspects of deranged bodily function are treated under the 
usual headings, such as respiration, nervous system, metabolism, endocrine glands, 
blood and heart Much of the work is sketchily done and at times, particularly 
in more recent advances originating outside Germany, the newer knowledge is 
either omitted or only briefly mentioned This is well shown in the discussion 
of the pathologic physiology of the parathyroid glands, the relationship of the 
pituitary glands to carbohydrate metabolism and the mechanisms of the anemias 
The work of Houssay is not given its place Castle’s observations leading to the 
present concepts of the mechanism of macrocytic anemia are considered chiefly 
outside the section on blood Apparently the compilation of data on insulin was 
made too early to include those on protamine insulin 

Briefly, one notes the omission of many data that should rightfully be included 
in a text of this size and scope 
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Synopsis o£ Diseases o£ the Heart and Arteries By George R Herrmann, 
M D , Ph D , Professor of Clinical Medicine, the University of Texas Price, 
§4 Pp 344, with 91 illustrations St Louis C V Mosby Company, 1936 

The author presents this book to fill what he considers a need for a synopsis 
of diseases of the heart and arteries In the opinion of the reviewer it is more 
than a synopsis, running to the length of some textbooks on the subject 

There are a number of inaccuracies in the book, and too many dogmatic state- 
ments are made without qualification This is probably because of the author’s 
original intention of writing the book as a synopsis For example, on page 277 
the statement that aortic stenosis is the rarest of (cardiac) lesions is inaccurate 
In addition, many points of practical importance have been omitted There is also 
a tendency to give the impression that certain work has been proved to be of value 
which as yet is not generally accepted Some chapters, such as those on congenital 
heart disease, diseases of the great vessels and peripheral vascular diseases, are 
discussed so briefly as to be of little value Other chapters, such as the chapter 
on studies of patients suspected of having heart disease and subsequent chapters 
in which the various types of heart disease are presented according to etiology, 
could have been greatly condensed 

The book is therefore too long for a synopsis, it overemphasizes certain subjects 
and it does not give sufficient space to other important subjects It offers nothing 
original or particularly new and probably will be disappointing to those for whom 
it was intended “the plodding student and the assiduous conscientious practitioner ’’ 

Medical Urology By Irvin S Koll, M D , Attending Urologist, Michael Reese 
Hospital, Chicago Price, $5 Pp 431, with 92 illustrations and 6 colored 
plates St Louis C V Mosby Company, 1937 

The author says that his principal idea in writing this work was to present 
the subject of urology so as to be of practical value to the general physician and 
an aid to the medical student As a general physician, this reviewer wishes to 
congratulate the author 

The entire volume is so clearly and sanely written that many of the intricacies 
of the anatomy, physiology and pathology of the genito-urinary organs become 
readily understandable, as do many of the problems which face the modern urologist 
Moreover, since the purpose of the book is to discuss urology for the general 
reader rather than for the specialist, no space is wasted on too elaborate descrip- 
tions of operative technic On the other hand, appropriately lengthy discussion is 
given to the less complicated prophylactic, diagnostic and therapeutic procedures 
in the field, with which every physician should be familiar 

The book is well printed and excellently illustrated It is of convenient size 
and shape It is thoroughly readable On the whole, it gives every promise of 
becoming one of those happy texts necessarily fated to have a long and useful 
existence 

Argentine Archives o£ the Diseases o£ the Respiratory System and Tuber- 
culosis, Buenos Aires, Vol 4, no 1-4, 1936 

This journal is devoted to the pathology of the respiratory tract and tuber- 
culosis Each number constitutes a volume of from 100 to 150 pages and is 
profusely illustrated, containing sections of original work, reports of conferences, 
proceedings of medical societies, abstracts, bibliographies and reviews of tuber- 
culosis and antituberculosis information Volume 4 is devoted entirely to bronchog- 
raphy, with chapters by various authors on indications and various technics, and 
includes a description of the normal anatomy of the respiratory tract as visualized 
by means of opaque oils Other chapters discuss bronchography in asthma and 
chronic bronchitis, carcinoma, atelectasis, bronchiectasis, tuberculosis and tumors 
of the pleura The use of opaque oils in determining the etiology of hemoptjsis 
also IS discussed One of the most outstanding articles is that by Drs Egidio S 
Mazzei, Juan A Aguirre and Miguel E Jorg, in which they present the subject 
of the relation of the agenesis of the aheoli to congenital bronchiectasis 
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The Harvey Lectures Delivered Under the Auspices of the Harvey Society of 
New York, 1935-1936 Series 31 Price, §4 Pp 255 Baltimore Williams 
& Wilkins Company, 1936 

As to be expected, this group of lectures is as instructive and interesting as 
those of the past The present group of eight lectures covers an extensue variety 
of studies “Proteins and Proteohtic Enzjmes” bj’’ Max Bergmann, “The Sig- 
nificance of Chimpanzee-Culture for Biological Research” by Robert M Yerkes, 
“The Virus Tumors and the Tumor Problem” by Peyton Rous, “Relations 
Bet^^ee^ the Parathyroid, the Hypoph 3 '-sis and the Pancreas” by B A Houssay, 
“The Interrelation of Cerebrum and Cerebellum m the Regulation of Somatic 
and Autonomic Functions” bj*- John Farquhar Fulton, “The Influenzas of Swine 
and Man” by Richard E Shope, “^Malignant Cells” by Warren H Lewis and 
“The Phjsiology of the Bronchial Vascular System” by I de Burgh Daly The 
respectne subjects are summarized and interpreted by outstanding investigators 
in their particular fields Time de^oted to reading these lectures wnll be well spent 

Die Diat- und Insulinbehandlung der Zuckerkrankheit By Franz Depisch 
Price, 4 80 marks Pp 136 Vienna Julius Sprmger, 1937 

This little volume has a definite place in medical literature It does not 
supplant the larger, more distinguished monographs, references are not quoted, 
and details on contro^ ersial aspects of the disease find no place in its pages 
Instead, the autlior gives the student and practitioner a concise introduction to the 
elements of the modern management of the diabetic patient in a straightforward and 
easily read style A discussion of the use of terms and of variations in and 
regulation of the blood sugar content precedes a brief consideration of the mecha- 
nisms of carbohydrate metabolism Diagnostic pitfalls and the principles of diag- 
nosis are illustrated by case records Treatment is divided into dietetic handling 
and management wnth insulin Both are clearlj'- de^ eloped, but the use of protamine 
insulin is not incjuded At the end of each section a number of maxims useful in 
practice are listed 

The book, to this rcMewer, admirabty fulfils its purpose 

Textbook of Medicine By Various Autliors Edited by J J Conybeare 
Third edition Price, S7 Pp 1,027, with 49 illustrations (24 roentgenograms) 
Baltimore William Wood & Companj, 1936 

The reviewer has reported on previous editions of this book and has always 
commented favorablj The section on neurology" by Walshe seems to be by far 
the best to be found in any one volume w'ork on practice The whole text is 
well written One may criticize perhaps the ultraconservative point of view 
adopted at times Here and there it would have been better to concentrate on 
what IS defimtety established to be of value In the section on renal function, 
for example, a number of tests which have been generally discarded are still 
described In testing gastric secretion the writer alwa}''s refers to histidine, whereas 
he probabty means histamine These are minor criticisms, however, and on the 
whole the book is to be recommended 

Clinical Allergy By Albert H Rowe Price, §8 50 Pp 812 Philadelphia 
Lea & Febiger, 1937 

^ Rowe deals with the complex subject of allergy in a lucid, readable manner 
"With his extensive background of interest in the subject, what he has to say is 
reenforced by personal experience, which is so necessary m giving an adequate 
presentation to the reader The general question of allergj'^ is taken up first, and 
then come special sections on diseases and symptom complexes in which allergy 
does, or is supposed to, play a part Every allergist m the reviewer’s experience 
IS an enthusiast, and the general physician may wonder w'hether or not a point 
IS not strained sometimes in bringing forward an allergic explanation of this or 
that medical phenomenon The same difficulty is felt w'hen a monograph on endo- 
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crine disease, vitamin deficiency or any other specialized subject is read If the 
general reader, however, preserves his own critical sense, he will find this book 
an admirable storehouse of information on allergy 

Mamfestaciones pulmonares del cuy en el soroche agudo Estudio 
anatomo-patologico y consideraciones patogemcas By Pablo Mon 
Chavez, M D Pp 59, with S illustrations Lima, Peru Facultad de Ciencias 
Medicas de la Umversidad Mayor de San Marcos, 1936 

When guinea-pigs were taken from sea level immediately to an altitude of 
4,500 or 5,000 meters they showed dyspnea, and a large percentage of them died 
within from three to five days At autopsy the lungs showed severe congestion 
If death did not occur within the first week, acclimation usually resulted This 
adjustment was manifested by the formation of large numbers of new minute blood 
vessels in the lung The immediate reaction of guinea-pigs to high altitude indi- 
cated marked sensitivity to low oxygen tension, but the capacity for final adjust- 
ment was exceptionally good, which is in contrast to the severe pulmonary changes 
occurring m cats living for a few months at a high altitude The report contains 
much of interest Sixteen photomicrographs of pulmonary tissue are included 

Applied Dietetics By Frances Stern Price, $3 50 Pp 263, with 52 tables 
Baltimore Williams & Wilkins Company, 1937 

Many new books on dietetics have appeared recently, and one naturally looks 
for some distinctive quality in each The outstanding character of Miss Stern’s 
work at the Boston Dispensary is well Imown, and this is reflected in the book, 
which IS one of the few on dietetics that takes up in detail the problem of “getting 
the diet over to the patient ’’ In addition the usual material on dietetics and food 
values IS well presented in brief form 

Original Papers of Richard Bright on Renal ‘Disease . By A Arnold 
Osman, DSC, FRCP Price, |7 25 Pp 172 London Oxford University 
Press, 1937 

This IS a beautiful reprinting of the papers by Richard Bright on renal disease 
As a result of Bright’s presentation on the subject of renal disease, the medical 
profession first began to differentiate various types of dropsy The contributions 
of this truly great man in 1827 were fundamental, and therefore the book is 
of tremendous historical value It should be in the library of any physician at 
all interested in the development of medicine 

Internal Diseases of the Eye and Atlas of Ophthalmoscopy By Manuel 
Uribe Troncoso Price, $15 Pp 530, with 239 figures (82 color plates) 
Philadelphia F A Davis Company, 1937 

The reviewer is not an ophthalmologist, but to him this book seems extremely 
useful Its main feature is the numerous diagrams and color plates of eyegrounds 
m conditions both normal and pathologic The text is brief and seems to be 
intended mainly to explain the plates 

Lehrbuch der Elektrokardiographie By Dr D Scherf Price, 16 50 marks 
Pp 241, with 169 illustrations Wien Julius Springer, 1937 

This excellently printed and well illustrated monograph covers adequately the 
subject of climcal electrocardiography and the principal cardiac arrhythmias Noth- 
ing essentially new, however, is added to the material found in the manj books on 
the same subject which have recently appeared 
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In a previous paper one of us ^ piesented certain observations indi- 
cating that the pain of diabetic neuiitis was relieved temporarily by the 
oral administration of sodium chloride in amounts ranging from 15 to 
90 Gm daily over periods of two to four weeks with interruptions of 
ten to fourteen days It appeared likely that the relief thus obtained 
was due to a vasodilating effect of the sodium chloiide The present 
study was undertaken primarily for the purpose of studying the effect 
of this salt on a larger series of diabetic patients complaining of pain 
who had not been relieved by the usual diabetic management 

METHOD 

Thirteen patients with pain of either neuntic or vascular origin were studied 
For the purpose of study the patients were divided into three groups first, a 
group of seven patients in whom definite neurologic signs were found, consisting 
of hyporeflexia, areflexia and sensory changes, second, a group of three patients 
whose chief symptoms were severe arteriosclerosis and its sequelae, third, a group 
of three patients in whom objective neurologic signs were not found and whose 
arteriosclerosis would not ordinarily be considered significant 

All these patients were observed for a control period of two weeks or longer 
Eight of them were purposely given an inadequate amount of insulin in order to 
permit observation of the effect of sodium chloride on the level of the blood sugar 
The remaining five patients were given a sufficient amount of insulin to maintain 
a satisfactory blood sugar level 

A determination of the blood sugar level was made twice weekly during 
fasting and at 11 a m and at 2 30 p m at least once weekly in all cases except 
for two outpatients, for whom three determinations were made at intervals of 
about two weeks The other laboratory procedures included determinations of the 
values for serum calcium, blood chloride, plasma cholesterol and urinary chloride, 

1 Sandstead, H R The Effects of the Oral Administration of Sodium 
Chloride in Diabetes, Hosp News 3 21 (Nov 1) 1936 
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renal function tests, Wassermann tests of the blood and the usual examinations 
of the blood and urine made as a routine 

The cutaneous histamine reaction, as described b}’- de Takats,- was tested in 
seven of the patients before and after the administration of salt Roentgen 
examinations of the legs were made as a routine to determine whether calcification 
of the arteries was present 

The same method of administration of the salt was used as in the previous stud}' i 
Briefly, it was as follows The salt was given in solution three or four times 
daily and was sipped over a period of half an hour The dose given daily was 
0 25 to 0 S Gm per kilogram of body weight This was found to be the maximum 
dose not causing any gastric disturbance In order to relieve the monotony of 
taking the salt and to prevent possible untoward effects, the salt was given for 
interrupted periods of two to four weeks over periods ranging from one to twelve 
months 

OBSERVATIONS 

Giottp 1 Patients in Whom Definite Neuiologic Signs Weie 
Found — In this group of seven patients there weie five who could be 
classed as having severe diabetes and two who could be classed as having 
mild diabetes The ages ranged from 37 to 65 years, and the known 
duration of the diabetes was from two and one-half to twelve years 
All the patients had peripheial neuritis In four the symptoms appeared 
at the onset of the diabetes, and in three they appeared one and one-half 
to six years after the onset All continued to have neuiitic pain in spite 
of the treatment for diabetes The chief symptoms were pain, hyper- 
esthesia and muscular weakness The objective neuiologic signs con- 
sisted of absence of the achilles tendon reflexes m all the patients, 
absence or diminution of the knee jerks in six, absence of the reflexes 
in the upper extremities of three and absence of the vibratoiy sense in 
the lower extremities of two The site of the neuiitis was limited to 
the lower extremities in five patients, in one patient the neuritis involved 
the entire body and in one it involved both uppei and lowei extremities 
Vascular disease was present to some degree in all the patients, as noted 
in table 1 The degree of arteriosclerosis was determined by palpation 
of the peripheral arteries, ophthalmoscopic and roentgen examinations 
and histamine tests There were four patients in this gioup who showed 
calcification of the peripheral arteries roentgenographically and four 
without pulsation of the dorsalis pedis aiteries 

The patients in this gioup have been under observation foi two and 
one-half to twenty-foui months and have received sodium chloride orally 
over interrupted periods of one and one-half to twelve months Three of 
the patients obtained complete relief from pain, and four obtained marked 
relief There was definite improvement in the circulation of three on 

2 de Takats, G The Cutaneous Histamine Reaction as a Test for Collateral 
Circulation in the Extremities, ^rch Int Med 48 769 C^^ov ) 1931 



SANDSTEAD-BEAMS— DIABETIC PAIN 


373 


whom the cutaneous histamine test was pei formed, as shown by the 
inciease in the i espouse, and m two of foui patients evidence of improve- 
ment was shown by the return of the pulsations of the doi sails pedis 
aiteiies No changes weie obseived m the objective neuiologic signs 
aftei the admmistiation of salt 

The case of B J , a woman with neuiitis of nine years’ duration, is of particular 
inteiest in that she has been treated as an outpatient, receiving orally 20 to 24 Gm 
of sodium chloride foi inteirupted periods of two to three weeks for the past 

Table 1—TIie Effect of the Oial Adnuuisii ation of Sodium Chloude on 
Neniitic Patients zinth Definite New ologic Signs'^ 
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* In tables 1 to 3 tlio dcerce of arteriosclerosis is dcsiRnated ns follows 1 Indicates mild, 
2, moderate, 3, moderate, with roentgen evidence of calcification in the vessels of the legs, 
and 4, severe, as shown b\ extensive calelficatlon The response to the cutaneous histamine 
tost is shown as follows 0 indicates no response, 1, faint, 2, fair, and 3, marked reactions 


four months Progiessive improvement in the relief of pain has been obtained 
during the past three months This is the first time m nine years that she has 
been completely free from pain in the lower extremities, and for the first time 
111 several winters she has not required extra protection of the feet at night foi 
warmth There has also been considerable relief of pain in the hands The pulsa- 
tions of the dorsalis pedis arteries are again palpable 

The following case report illustiates the effect of salt on neuritic 
pains which had caused complete disability 

W C, a man aged 47 years with diabetes of two and one-half years’ duration, 
was admitted to the hospital on Dec 11, 1936, because of burning pain over the 
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entire body, most marked m the feet and legs, weakness, loss of weight and poor 
appetite Neuritic symptoms had appeared about one year before and had become 
progressively more severe He had been on a diet containing 235 Gm of carbo- 
hydrate, 77 Gm of protein and 90 Gm of fat and had been taking a total of 78 
units of insulin daily 

Examination revealed a poorly nourished man, weighing 103 pounds (47 Kg ) 
There wms arteriosclerosis of grade 3 The dorsalis pedis and posterior tibial 
arteries could not be palpated There was hyperesthesia over the entire bod) , 
it was so marked in the lower extremities that the patient could not tolerate the 
touch of bedclothes The only other neurologic finding was absence of the achilles 
tendon reflexes During the control period he was on a diet containing 150 Gm of 
carbohydrate, 70 Gm of protein and 80 Gm of fat and received a total of 40 units 
of insulin daily The blood sugar value was maintained at an average fasting 
level of 140 mg Although the diabetes was well controlled, it was necessary for 
him to remain in bed on account of the neuritic symptoms 

The period of interrupted oral administration of salt began on Jan 6, 1937 
He was given 20 Gm daily for the remainder of the month The dosage of insulin 
was not changed, and the diet was increased without elevation of the blood sugar 
level By the end of this period the pains were minimal Administration of salt 
was lesumed on February 15 and was continued until March 1, at which time 
the patient had only an occasional pain He had gamed 7 pounds (3 Kg), there 
was less weakness and he was active about the ward The diet had been increased 
to 200 Gm of carbohydrate, 76 Gm of protein and 86 Gm of fat, without changing 
the dosage of insulin, and the blood sugar level was not elevated 

Before admission to the hospital this patient had been receiving an adequate 
diet, and the diabetes had been controlled with large doses of insulin During 
the initial period after his admission to the hospital the blood sugar level was 
maintained at 140 mg However, during this time he obtained no relief from the 
neuritic symptoms It was only after the administration of sodium chloride that 
these symptoms disappeared This is good evidence that neither hyperglycemia 
nor vitamin deficiency was responsible for the neuritis 

What was true m this case was true foi the entire gioup Aftei 
the administration of sodium chloride it was possible to increase the 
diet and to reduce the dosage of insulin and at the same time to maintain 
the blood sugar level oi reduce it for all the patients except one, whose 
insulin requirement was increased with the increase in diet It appeared 
at first that the increase in diet might be a factor in relieving the neuritic 
symptoms, but there was no constant relation between the improvement 
of the symptoms and the increase in diet 

Gfotip 2 Patients with Seveie Ai tenosclei osis — Thiee patients 
are included in this gioup (table 2) All of them had severe arterio- 
sclerosis without objective neurologic changes Then diabetes was easily 
controlled with small amounts of insulin In each instance the diet was 
increased, and the dosage of insulin was reduced when salt was given 

F H K had had an amputation of the left leg for gangrene one year prior 
to the present admission to the hospital and had a painful, cold, cyanotic foot 
After six months of interrupted administration of salt the pains were completely 
reliev'ed, the foot was warm and its color was good 
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C S had had an amputation for gangrene several months before the present 
admission to the hospital The remaining leg was cold and moderately painful 
After the administration of 18 Gm of salt daily for twenty days the leg was 
warm and the pains had disappeared Three weeks after discontinuance of the salt 
therapy he died as the result of a mycotic aneurysm of the left femoral artery 
and myocardial infarction 

The following case is lepoited m detail because it shows the reinaik- 
able effect that sodium chloiide had on the course of the disease 

M F , a man aged 66 years with diabetes of four years’ duration, was admitted 
on May 18, 1936, because of deep burning and cramping pain of the feet and legs 
which had been present for about three years He had not been on a rigid diet 
and was taking 20 units of insulin daily He had glaucoma six months before 
entry into the hospital 

Table 2 — T/ie Effect of the Oial Adimmstratioii of Sodium Chloiide on 
Diabetic Patients with Pams of Ai teiiosclei otic Ongin 
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Examination revealed a moderately obese elderly man, weighing 213 pounds 
(966 Kg), who appeared chronically ill The essential findings were arterio- 
sclerosis of grade 4, absence of pulsation in the dorsalis pedis and posterior tibia) 
arteries and moderate hypertrophy of the left ventricle There was choroidal and 
retinal arteriolar sclerosis of grade 3, with numerous small hemorrhages dissemi- 
nated over the fundi There was a negative response to the histamine flare test 
on the knees 

For a control period of two weeks he was placed on a diet containing ISO 
Gm of carbohydrate, 70 Gm of protein and 80 Gm of fat, with 15 units of insulin 
daily, without improvement of the pain During this period the blood sugar was 
maintained at a satisfactory level The use of insulin was discontinued, and the 
patient was given 42 Gm of sodium chloride daily the first two weeks, 21 Gm 
daily the third week and 42 Gm daily during the fourth week During this 
period the blood sugar was maintained at approximately the same level as during 
the control period Three weeks after the administration of sodium chloride was 
started the pains in the legs were much relieved, and the patient was faking short 
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walks After a rest period of U\o weeks he was again given 21 Gm of salt daih 
for two weeks He was completely relieved of the pain in the legs and feet bi 
the end of this period 

Histamine flare tests on Julv 13 showed a fair response During this period 
there w'as a recurrence of glaucoma in each eye Operations for relief of this 
condition were unsuccessful He w'as not given sodium chloride again for foui 
months Tw'O months after discontinuing the use of sodium chloride he again 
complained of increasing pain in the feet One month later large bullae appeared 
on the great toes, there was an indolent ulcer on the heel of the left foot and the 
pains in the legs were severe The ulcer increased to 2 by 2 cm in diameter, 
and the distal third of the affected toes became black He was again given 21 
Gm of sodium chloride daily for three weeks By the end of this period the 
necrotic crust had sloughed, and epithelization w’as nearly complete The ulcer 
showed signs of healing, and the pains were minimal Treatment with sodium 
chloride was discontinued because of slight edema of the ankles After a three 
weeks’ rest period he w'as again started on 21 Gm of salt, and this was continued 
for two weeks By the end of this period the lesions were completely healed, the 
pulsations of the dorsalis pedis arteries were palpable and he was free from pain 

The relief of symptoms and the impiovement m the circulatory 
changes aftei the administiation of sodium chloride in this group of 
patients are striking All of them obtained complete relief from pain 
and definite impiovement in the ciiculation, as shown by the change 
in coloi and the mciease m temperature of the feet and by the response 
to the histamine test 

G) oup 3 Patients with NeiinHc Pams in Whom Neurologic Signs 
Weie Not Found — Three patients are included in this group (table 3) 

O R , whose pain was mild, may have been relieved by control of the diabetes 
However, this patient had been taking 70 units of insulin while on a diet containing 
150 Gm of carbohydrate, 70 Gm of protein and 80 Gm of fat After several 
months of interrupted administration of sodium chloride the pains were completely 
relieved, the dosage of insulin was reduced to 35 units daily and the diet was 
increased to 200 Gm of carbohydrate, 70 Gm of protein and 200 Gm of fat 

R M , whose diabetes was under good control without improvement in the 
pain during the preliminary period, was completely relieved one month after the 
administration of salt was started The dosage of insulin was reduced in this 
instance from 55 to 38 units, the diet remaining unchanged Two months after 
discharge he reported that the pains had not returned 

The following case is reported in detail because it shows that some 
factor other than hyperglycemia is responsible for pain 

L H, a man aged 41, with diabetes of fourteen years’ duration, was admitted 
to the hospital on Dec 3, 1936, complaining of drowsiness, pain over the entire 
body but most marked in the feet, legs and arms, and loss of weight and strength 
The neuritic symptoms were of about eight months’ duration He had been in 
diabetic coma nine times in the past six months He had not been rigidly following 
a diet, and he was taking 24 units of insulin daily 

Examination revealed a moderately undernourished man, weighing 136^2 pounds 
(62 Kg), with acidosis The remainder of the physical examination disclosed 
nothing of importance except mild arteriosclerosis 



SANDSTEAD-BEAMS— DIABETIC PAIN 


377 


During the control period he was on a diet containing 150 Gm of carbohydrate, 
70 Gm of protein and 80 Gm of fat, with a total of 40 units of insulin daily 
The acidosis disappeared within a few da 3 s, but the blood sugar level remained 
elevated, averaging 329 mg during fasting The initial period of interrupted oral 
administration of salt began on December IS and continued until Jan 2, 1937, 
30 Gm being given daily The average blood sugar value during fasting was 
reduced by 65 mg during the period, w'lthout change in the dosage of insulin 
He stated that the pains had diminished slightly After the discontinuance of 
treatment wuth sodium chloride the blood sugar returned to the previous level m 
spite of an increase in the dosage of insulin by 10 units The second period of 
administration of salt was begun on January 13 and continued until January 25, 
20 Gm being given daily During this period the diet w'as increased to 175 Gm 
of carboh 3 'drate, 76 Gm of protein and 106 Gm of fat During fasting the blood 
sugar \alue averaged 304 mg The h 3 'perglycemia may be explained in part by 

Table 3 — The Effect of the Oial Admmtsti ation of Salt on Neiintic Patients 
Without Objective Neiuologic Signs 
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acute nasopharyngitis The pain gradual^ disappeared, and by the end of the 
period he had only an occasional shooting pain in the legs 

After discontinuance of treatment with salt he was given a long “rest period,” 
which lasted until March 11 During this period the diet was increased to 200 
Gm of carbohydrate, 76 Gm of protein and 106 Cm of fat The dosage of insulin 
w'as increased to 60 units daily m order to keep the blood sugar at a satisfactor 3 ’- 
level The pains increased and w'ere as severe as when he was admitted to the 
hospital The administration of sodium chloride was resumed on March 11 at 
his request and was continued for the remainder of the month During this 
period he received 20 Gm daily, and the dosage of insulin was reduced by 10 
units The blood sugar level w^as not elevated above that of the previous month, 
and the patient was completeK’’ relieved of pain 

When this patient 3vas admitted to the hospital he was in diabetic 
acidosis, therefore, dehydiation must be considered as a factor in pro- 
ducing the neuiitic pains Hoivev^ei, after he tvas given sufficient fluids 
and the acidosis had disappeared he continued to have the neuritic symp- 
toms, which 3vere lelieved with sodium chloride While he tvas taking 
sodium chloride, the pains ceased even though the blood sugai level 
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was elevated, and when it was discontinued the pains returned in spite 
of a satisfactory blood sugar level Hyperglycemia appeared not to be a 
factor in causing the neuntic pains 

COMMENT 

We have piesented observations on thiiteen diabetic patients with 
pains which may be classed as of neuntic origin in ten (gioups 1 and 3) 
and of vascular origin in thiee The pains in most of the cases had been 
of long duiation and had peisisted in spite of treatment for the diabetes 
All the patients received marked to complete relief of the pains aftei 
01 al admmistiation of sodium chloride The patients with severe arteiio- 
sclerosis showed, in addition to the lelief of pain, definite signs of 
improvement in the vascular disease, as evidenced by the healing of 
gangrenous toes and of an indolent ulcer and by changes in the coloi 
and temperature of the feet In the group of patients with neuntic 
pains the only change noted in addition to the relief of pain was the 
increase in response to the histamine test, indicating improvement in 
the circulation after administration of sodium chloride In these two 
groups the relief of pain appeared to be accompanied with signs of 
improvement in the circulation This suggests that ischemia, the result 
of vascular disease, may be the cause of the neuntic symptoms 

This study raises the question as to the possible etiology of diabetic 
neuritis, which has long been a subject of considerable controveisy 
Jordan ® has made an extensive review of the literature and has reported 
his observations on a group of two hundred and twenty-six patients 
with diabetic neuiitis He placed his patients in four groups, according 
to whether they had hyperglycemic, circulatory, degenerative or neuntic 
disorders Those with hyperglycemia presented no factor except hypei- 
glycemia to explain the neuntis Only thirty-four patients were placed 
in this group Ovei 95 per cent of the patients in the other groups had 
evidence of vascular disease, which, he pointed out, may be a factoi 
in causing the neuritis 

It has ah eady been mentioned that neither hyperglycemia nor vitamin 
deficiency appealed to be responsible for the neuntic symptoms of any 
of our patients Foci of infection were found in a few instances, 
however, no tieatment was given for these conditions until after lelief 
of the neuntis had been obtained with sodium chloride There were no 
other possible causes of neuritis found, such as anemia, metal poisoning 
or alcoholism The Wassermann reaction of the blood was negative in 
all the cases, and there was no clinical evidence of syphilis to explain the 
neurologic findings 

3 Jordan, W R Neuntic Manifestations in Diabetes Mellitus, Arch Int 
Med 57 307 (Feb ) 1936 
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We have not studied a sufficient number of cases to draw any definite 
conclusions, but the fact that both the patients with neuiitic pain and 
those with seveie aiteiiosclerosis obtained relief from pain, accompanied 
with signs of improvement in the ciiculation, is evidence that ischemia, 
the result of vascular disease, primaiily arteriosclerosis, is the piobable 
cause of the neuritic symptoms This view is in agreement with that 
of Woltman and Wilder,^ who, in a compi ehensive study of this problem, 
have pointed out that neuritis commonly occurs in patients whose diabetes 
IS under control, that is, in patients who are free from either acidosis 
01 glycosuria They repoited ten cases of neuritis in which autopsy 
showed a certain amount of arteriosclerosis of the intraneuial vessels 
This they considered consistent with the idea of ischemia of the nerves 
as a factor in the neuropathy 

The improvement observed in the vascular disease of oui patients 
after the oral administration of sodium chloride is in accord with the 
observations of Perlow,® who found that ceitain types of vasculai 
disease in nondiabetic patients were benefited by treatment with hypei- 
tonic solution of sodium chloride intravenously, and also those of de 
Takats,® who has recommended the oral administration of sodium 
chloride for occlusive vascular disease 

In view of our findings and those just cited it seems that the oial 
administration of sodium chloride is rational therapy for the neuio- 
circulatory complications of diabetes 

We are not able to offer an explanation for the action of sodium 
chloride in producing the circulatory changes which have been observed 
in patients with vascular disease The chemical studies of the blood, 
which included analyses of the chloride, calcium and cholesterol contents, 
did not show any change after the administration of sodium chloride 
The determinations of the chloride content of the mine showed the 
output of chloride to be increased in proportion to the amount given 
Only two of the patients showed slight edema of the lower extremities, 
and no constant change was noted in the weight as a result of the 
administration of salt No impairment of renal function was found 
after the administration of sodium chloride, noi was there evidence of 
any other ill effects 

4 Woltman, H W, and Wilder, R M Diabetes Aiellitus Pathologic 
Changes in the Spinal Cord and Peripheral Nerves, Arch Int Med 44 576 (Oct ) 
1929 

5 Perlow, S Conservative Treatment in Occlusive Vascular Diseases of the 
Extremities, Ann Int Med 8 741 (Dec ) 1934 

6 de Takats, G Peripheral Vascular Disease Its Significance for General 
Practitioners and Specialists, JAMA 104 1463 (April 27) 1935 
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SUMMARY AND CONCLUSIONS 

Observations have been made, before and aftei tbe oral administia- 
tion of sodium chloiide, on thirteen diabetic patients, with pain of 
neuritic origin in ten and with pain of arteriosclerotic origin in three 

All the patients obtained complete or marked relief of the neuntic 
symptoms after the administration of sodium chloride 

The relief of pain was accompanied with signs of impiovement in 
the vascular disease m the patients with arteriosclerotic pain and with 
impiovement m the circulation of those with neuntic pain, as shown by 
the histamine test 

The observations made m this stud}'^ indicate that ischemia, the 
result of vascular disease, primarily aitenoscleiosis, is responsible for 
the neuntic symptoms 

In view of our findings the oial administration of sodium chloiide 
appears to be the rational tieatment foi the neuiocirculatory complica- 
tions of diabetes 

The members of the staffs of the Cleveland City, Lakeside, St Alexis and 
St Luke’s hospitals cooperated in furnishing us patients for this study 



ELECTROCARDIOGRAPHIC PATTERNS IN ACUTE 

PERICARDITIS 


EVOLUTION, CAUSES AND DIAGNOSTIC SIGNIFICANCE OF PATTERNS IN 
LIMB AND CIIESl LEADS, A STUDY OF FIFTY-SEVEN CASES 

SAMUEL BELLET, MD 

AND 

THOMAS M McMILLAN, MD 

PHILADEI PHIA 

Fiom time to time vaiious changes have been shown to develop m 
the electiocaidiogiams of patients with acute peiicaiditis Often these 
have been sti iking, consisting m the mam of diminished amplitude of 
the ventiicLilai complex m the piesence of effusion, mveision of the 
T wave and elevation of the RST segment In studying fifty-seven 
cases of acute peiicaiditis of diffeient etiologic types we encounteied 
changes of this type sufficiently often to lead us to feel that staking 
alteiations of the electrocardiogram frequently develop m cases of acute 
pci icai dial disease and that in a ceitain percentage of cases they may 
assume a pattern that is distinctive enough to have diagnostic value 
In the present papei we wish to desciibe these changes and to discuss 
then cause 

MAlERIAL 

The varieties of pericarditis represented in our senes of fifty-seven cases wcie 
varied and included the following etiologic types rheumatic pericarditis (thirteen 
cases), pncumococcic pericarditis (six: cases), uicmic pericarditis (five cases), 

From the Division of Cardiology of the Philadelphia General Plospital and the 
Robinette Foundation for the Study of Caidiovasciilar Diseases of the Univeisity 
of Pennsylvania 

1 (a) Harvey, J, and Scott, W Changes in the Elcctrocardiogiam in 
Course of Pericardial Effusion with Paracentesis and Pericardiotomy, Am Heart 
J 7 532, 1932 (b) Oppenhcimcr, B S, and Mann, H An Elcctrocaidiographic 

Sign m Pericardial Effusion, Proc Soc Exper Biol & Med 20 431, 1923 (c) 

Porte, D , and Pardee, 11 E B The Occurrence of Coronary T Wave in 
Rheumatic Pericarditis, Am Heart J 4 584, 1929 (d) Purks, W K The 

Occurrence of a Coronary T Wave in Purulent Pericarditis, South M J 24 
1032, 1931 (e) Scherf, D Ein clektrokardiographisches Zeichcn bei Erguss in 

Hcrybeutel, Wien klin Wchnschr 43 298 (March 6) 1930 (/) Schwab, E H , 

and Herrmann, G Alterations of the Electrocardiogram in Diseases of the Peri- 
cardium, Arch Int Med 55 917 (June) 1935 (g) Scott, R W , Fed, H, and 

Katz, L N The EIcctiocardiogram in Pericardial Effusion Clinical, Am Heart 
J 5 68, 1929 
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hematopencardium (rupture of an aneurj'sm, one case, stab wound, two cases), 
neoplastic pericarditis (two cases), pericarditis due to staphylococcic septicemia 
(one case), tuberculous pericarditis (twenty cases) and pericarditis of unknown 
etiology (se\en cases) 

The clinical diagnosis w^as confirmed b 3 necrops> in twenty-two cases, b 3 
surgical intervention in four cases and bj'^ paracentesis in four additional cases 
In the remainder of the fift 3 -se\en cases characteristic clinical and roentgen 
findings established the diagnosis, in our opinion, beiond reasonable doubt, these 
usually included the demonstration of a friction rub or the presence of a chaiacter- 
istic fluoroscopic silhouette 


ELECTROCARDIOGRAPHIC FINDINGS 

The incidence of electrocardiogiaphic changes was as follows No 
alterations were seen in twelve cases, definite abnoi malities weie 
present in forty-five We have consideied as definite abnoi mahties 
unmistakable deviation of the RST segment in one oi more limb oi 
chest leads (twenty-six cases) and definite inveision of the T wa\e 
(nineteen cases) We also encountered a ventiicular complex of low 
amplitude in seventeen of oui fifty-seven cases and interesting types 
of auricular arrhythmia, including exti asystoles, flutter and fibi illation 
in SIX additional cases Because these abnormalities commonly occur in 
association with othei forms of caidiac distuibances, we have not 
included them among the abnormal findings and shall not considei 
them furthei 

Deviation of the RST Segment — Among pi evious obseivers, Schwab 
and Herrmann alone made use of chest leads They applied this 
method in only two cases and concluded that it furnished no infoi- 
mation of differential diagnostic value We used three chest leads - as 
well as thiee limb leads in all but five of the twenty-six cases listed 
in which theie was deviation of the RST segment and found that then 
use frequently gives infoimation of importance Often they exaggeiate 
deviation of the RST segment that is present but inconspicuous in limb 
leads, or they reveal deviation which is not showm m limb leads 

Alterations of the RST segment may be really stiikmg, and in the 
combined limb and chest leads they may assume a pattern which w^e 
have not encountered in association with any condition but acute peii- 

2 Throughout our studies the precordial leads were applied in the manner 
preMOUsly described (Wood, F C Bellet, S , McMillan, T M, and Wolferth, 
C C Further Observations on the Use of Direct Chest Leads in Coronary 
Occlusion, Arch Int Med 52 752 [Nov ] 1933) Lead IV w'as obtained bv 
placing the right arm electrode over the cardiac apex and the left arm electrode 
at the angle of the left scapula In lead V the right arm electrode w'as placed 
at the apex, the left leg electrode, on the customary site In obtaining lead VI 
the left arm electrode w'as placed at the angle of the left scapula the left leg 
electrode, in its normal position 
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caiclitis The impoitant featuies of this pattern aie (1) elevation of 
the RST segment in leads I to III or m leads I and II alone, (2) 
depiession of the RST segment m leads IV and V, with a well pie- 
seived initial downwaid deflection, (3) elevation of the RST segment 
in lead VI, even when theie is no elevation m lead III ^ 

In our expel lence this combination of findings is not uncommon 
in cases of acute peiicaiditis In twenty-one of the forty-five cases m 
which there weie definite abnormalities this pattern was stiictly com- 
plied with, m three additional cases m which diiect leads weie not 
used the indiiect leads were chaiacteiistic 

The relative frequence of these characteiistic findings indicates that 
they may possess some diagnostic impoitance, we have not so fai 
encounteied them exactly m association with any other condition, 
though we aie not prepared to say that they may not so occui In cei- 
tain instances of occlusion of the anteiioi coionaiy arteiy the electio- 
cardiogi apliic findings aie similai, but theiq are as a lule certain 
definite diflfeiences, which will be discussed later 

Alteration of the RST segment in cases of peiicaiditis is a transient 
and fiequently biief phenomenon We have never observed it to pei- 
sist m the limb leads foi more than twelve days The detection of these 
changes, therefore, is not to be expected unless tiacmgs aie obtained 
fiequently The chest leads continued to show deviations for seveial 
days, as a lule, after they had disappeaied fiom the limb leads 

Since deviations m the RST segment aie of biief duiation and 
since they do not disappear simultaneously^ fiom individual leads, 
one can expect to encounter tracings m which perhaps stiikmg changes 
weie piesent m one oi more limb oi chest leads, with slight or no 
changes in the other leads (fig 2 A and C) In thiee additional cases 
of our series these findings weie noted Although in such cases the 
pattern is not stiictl} complied with, these isolated changes if the} 
aie maiked may still be suggestive of peiicaiditis and aie therefore of 
some importance 

In some of our cases of pencaiditis m which deviation m the RST 
segment was not noted either in the limb or m a conventionally placed 
precoidial lead, we discovered that modifying the usual chest lead by 
placing the anterior electiode over the aiea of fiiction not mfiequently 
revealed these alteiations In two cases of tuberculous pericarditis in 
which the electi ocardiogi ams showed no deviation m the RST seg- 
ment in either the limb oi the customary precordial lead, definite 

3 Elevation of the RST segment in all three leads may occur even m the 
presence of left axis deviation (fig 5) 

4 The deMations in the RST complex usually disappear first from the leads 
in which they are least marked in the initial tracing 
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alterations weie brought out by this maneuvei In foui othei cases 
deviation in the RST segment m the usual chest lead was definitely 
exaggeiated when the electiode was placed ovei the aiea of friction 
(% 4 ) 

Sti iking deviations in the RST segment were encounteied in the 
electrocaidiogiams of patients with all the vaiieties of acute peiicaidial 
disease lepresented in oui senes (table 1 ) They develop most leadily 
appaiently m association with the fineumococcic type, they were infie- 
quent in cases of the tuberculous variety This diffeience in incidence 
will be discussed latei 


Table 1 — Electi ocm diogi apJuc Changes Associated with Pencat ditis “ 


EST Segment 
Deviation in Precordml 
m EST Leads 



'Xotal 

Segment, 

J 

t 


.Change 




Num 

Limb Leads Depres 


in 

Ncga 




ber 

t 



-V sion 

Eleva 

T 

tive 




of 

I to 

I and IV and tion 

Wave Find 

Ne 

Open 

Etiologic Tactor 

Cases 

III 

II 

V 

VI 

Onlj 

mgs 

Died cropsj 

tion 

Eheumatio pericarditis 

13 

5 

3 

7 

G 

2 

3 

3 1 

1 

Eneumococcio pericarditis 

G 

4 

2 

6 

0 



G 5 

2 

Uremic pericarditis 

3 

2 


3 

2 

1 

1 

5 4 


Hematopenoardium 

3 

2 


1 

Not 

1 


2 1 


Neoplastic pericarditis 

2 


1 

1 

UUiJc 

1 


1 

1 1 


Pericarditis due to staphjiococ 

1 


1 

Not 

Not 



1 1 


cic septicemia 




done 

done 





Tuberculous pericarditis 

20 

1 

1 

1 

1 

12 

3 

12 7 

1 

Pericarditis of unknown origin 

7 
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3 

3 

2 

4 2 


Total 

57 

10 

8 

~n 

10 

19 

12 

ilf 1 

13 1 

4 
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* In three of the tnenty four cases in which there nos deviation of the EST segraent In 
the limb leads, no precordinl lead nos made, in one case there was no change in the precordial 
leads, and in three cases no deviation was ob>^ervcd in lead VI In two additional cases a 
deviation in the EST segment was observed in the precordinl and not in the limb leads 


Changes That Succeed Deviation of the RST Segment — Since 
deviation of the RST segment is transient and of biief duration, the 
changes that succeed it are of interest The usual development m the 
limb leads, as shown in fifteen cases, is a giadual return of the RST 
segment towaid the base line When this is nearly complete the upright 
T wave begins to show a dip downwaid in its terminal portion and 
finally becomes frankly inverted and usually cove-shaped This may 
occui 111 all thiee leads if the RST segment is initially elevated in all 
leads , it involves leads I and II only when the RST segment is affected 
111 only these leads If recovery occurs, this configuration, after pei- 
sisting for a variable time, may become entiiely normal 

Occasional!}' the T wave of the mdiiect leads nevei becomes 
inverted, but assumes its noimal configuiation as the deviated RST 
segment returns to the iso-electnc line We obseived this behavioi in 
three cases 
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Fig 1 — Electrocardiograms of a patient aged 48 with pneumococcic peri- 
carditis Postmortem examination revealed a purulent exudate, ^\lth little fluid 
present in the pericardial sac Microscopic stud}’’ revealed infiltration of the 
inflammatory process into the epicardial portion of the myocardium (fig 8) 
All the tracings were made on Feb 20, 1935 A, note the elevation of the RST 
segment in leads I to III and the marked depression, with preservation of the 
initial downward deflection, in leads IV and V, with elevation of the RST 
segment in lead VI B, the anterior electrode was placed over the third inter- 
space to the left of the sternum, C, over the base, D, over the lower portion 
of the sternum, and E, over the fifth interspace to the right of the sternum Note 
that deviation of the RST segment is present in B, C, D and E and that the 
algebraic summation of the deviations of the RST segment in leads IV and VI is 
approximately equal to those of lead V 
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In SIX of oui cases a peculiai t}pe of inversion of the T wave was 
noted in limb leads as an intei mediate stage between the elevated RST 
and the common type of mveited T wave Taking oiigin at oi slightly 
above the iso-electnc line, the giadual moie oi less noimal upstroke 
of the T wave is followed by a sharp, beaklme downwaid dip, which 
inverts the terminal portion of the T wave The T waves which are 



Fig 2 — Tuberculous pericarditis A, June 24, 1936 Note the elevation of the 
RST segment in lead I , leads IV and V show a slight depression , lead VI is 
normal B, July 6, 1936 Note the inverted Ti wave and the slightly inverted 
T- wav'e, with the peculiar type of T wave m lead I (described in text) C, 
July 23, 1936 The T wave is inverted m leads I and II Note the slight depres- 
sion of the RST segment m lead IV and none m lead V, with maintenance of the 
initial downward deflection 


shown in figuie 2B were also obseived by Schwab and Henniann in 
cases of pericarditis This type of T wave by itself is not characteristic 
of the changes produced by peiicaiditis since we have observ^ed it in 
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association with othei conditions Howevei, when this wa^e is pie- 
ceded b}' a suggestive elevation m the RST segment and accompanied 
with changes m the piecordial leads which conform with the pattern 
desciibed, it represents a suggestive sign of pericarditis 

The developments that succeed depression of the RST segment of 
chest leads usually lun parallel to those seen in limb leads They are 
of some added impoitance because of their persistence, alteiations may 
still remain after they have disappeared from the limb leads 

Alteiations of the T Wave Alone — In the nineteen cases the only 
electrocardiographic changes seen in limb leads m our initial studies 
consisted of flattening or inversion of the T w’-ave in lead I or in leads 



Fig 3— A man aged 38 W'as admitted to the hospital on Aug 2, 1936, com- 
plaining of fever, cough and severe precordial pain Among other possibilities, 
coronarj occlusion w'as suspected, and an electrocardiogram was taken A peri- 
cardial friction rub was heard after the electrocardiogram w^as taken and was 
suggestive of pericarditis This patient made a complete recov'ery and was 
able to return to his former occupation as a policeman without cardiac symptoms 
In view of the tj^pical electrocardiographic pattern — similar to that associated 
with proved pericarditis, the electrocardiographic changes were considered to be 
secondarj' to pericarditis (unknown etiolog}') A, August 3 Note the marked 
elevation of tlie RST segment m leads I and II and the depressed RST segment 
in leads IV and V, with slight elevation in lead VI B, August 17 The patient 
was considerablv improved The T wave is upright in leads I and II and of 
somewhat peculiar shape, with no deviation of the RST segment 
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I and II, without striking alteration of the RST inteival except mod- 
erate coving when the T wave was definitely inverted When healing 
occurred this type of T wave tended to become flat, and in a few cases 
we were able to see it Anally become normally upright (fig 6B) 
While an inverted T wave indicates severe derangement of the myo- 
cardium, it IS not particularly significant of pericarditis unless accom- 
panied with deviation of the RST segment Cases of this type were 
of interest to us because an inverted T wave alone without significant 
deviation of the RST segment was the usual electrocaidiographic 



Fig 4 — Tuberculous pericarditis, June 18, 1936 These electrocardiograms 
illustrate the presence of a depression in the RST segment in the precordial lead 
over the area of friction when none was observed m indirect leads A, leads 
I to VI, with the anterior electrode placed over the apex, B, with the anterior 
electrode placed over the area of friction, over the third interspace to the left of 
the sternum (note the depression of the RST segment in leads IV and V) , C, 
with the anterior electrode placed over the area of friction, over the xyphoid 
area (note the depression of the RST segment in leads IV and V , see also 
lead IV in figure 3 C) 

finding in cases of tuberculous pericarditis, whereas deviation of the 
RST segment was the conspicuous change associated with the moie 
rapidly developing virulent form of pencaiditis This will be discussed 
further in connection with the causes of these changes 
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Comment on Electrocai diogi aphic Changes — We have suggested 
that certain electrocardiographic changes in cases of acute peiicarditis 
may have diagnostic significance We believe this may be the case 
when the electrocardiogram confoims strictly to a certain pattern 
chiefly determined by deviations of the RST segment of direct and 
indirect leads However, it is to be recognized that the diagnostic 
importance of the electrocardiogram is definitely limited by several 
facts 1 Striking deviations in the RST segment occur mainly m asso- 
ciation with the virulent, rapidly developing types , they are infrequently 
associated with tuberculous pericarditis 2 Deviation in the RST seg- 
ment IS always transient, it frequently is of brief duration 3 The 
deviation in the RST segment may be slight, not present or not chai- 



Figure 5 — A clinical diagnosis of uremic pericarditis was made for this 
patient aged 45 Postmortem examination revealed fibrinous pericarditis, with 
no fluid in the pericardial sac Microscopic examination revealed a severe grade 
of hyaline degeneration and hydropic vacuolation of the epicardial portion of the 
myocardium (fig 9) Note the elevation of the RST segment in leads I to III, 
even though left axis deviation is present Note the slight depression of the 
RST segment in lead IV, with none in lead V, and the elevation in lead VI 

acteristic in sufficient leads to be any moie than suggestive 4 In a 
considerable number of cases the changes, although definite and indica- 
tive of cardiac derangement, are not specific of pericarditis (a flat oi 
inverted T wave m lead I in twelve of twenty cases of tuberculous 
pericarditis) 5 In a certain numbei of cases no changes are found 
(twelve in our series of fifty-seven cases) 

These limitations make the diagnosis of acute pencaiditis, theie- 
fore, still in the mam a clinical pioblem However, m oui opinion the 
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electrocaidiogiam, like the roentgenogram, is to be accoided some 
place in the study of acute pericardial disease, foi in our expeiience it 
may yield a combination of changes that, so fai as we are aware, are 
not produced by other forms of caidiac disease How frequently this 
characteristic electrocardiogram develops is problematic In oui expe- 
iience it was associated with all forms of acute pericarditis, being 
noted in twenty-two of forty-seven cases of nontuberculous peiicaiditis 
and in two of twenty cases of the tuberculous variety We have been 
able to apply these facts advantageously in a few cases, we have 



Fig 6 — A, the clinical diagnosis was tuberculous pericarditis, 350 cc of 
bloody fluid was obtained on tapping The patient impioved and was discharged 
in fair condition after a two months’ stay in the hospital a, June 18, 1935 The 
T wave is upright but of low amplitude in leads I and II , aside from a diphasic 
slightly upright Ts wave, the precordial leads are within normal limits b, June 21 
Ti IS slightly inverted, Ts is upright, as are also T4 and Te c, June 25 Ti and 
T2 are inverted, T4 and Tb, upright d, July 18 Ti and T" now are deep!} 
inverted, Ti and Tb are upright B, tuberculous pericarditis was the clinical diag- 
nosis for a Negro aged 12 The electrocardiograms show a return to normal 
as the inflammatory process healed a, March 21, 1936 The T wave is inverted 
in lead I, the T wave is upright but of low amplitude in lead II h, April 2 
Ti and T2 are now definitely inverted c, June 17 Ti is upright but of diminished 
amplitude, Tj, upright d, November 30 Ti and Ts are upright Examination on 
November 31 revealed cardiac enlargement, with some diminution in the amplitude 
of the pulsations but no subjective cardiac complaints 
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Fig 7 — An epicardial portion of the myocardium ( x 48) of a patient with 
pneumococcic pc^ricarditis (electrocardiogram, figure 1) showing the mj’-ocardial 
involvement produced by the pericarditis Note the severe myocardial degeneration 
and the leukocytic infiltration extending from the pericardium into the muscle 
structure 
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Fig 8 — Uremic pericarditis (electrocardiogram, figure 5) In this portion 
of the muscle of the left ventricle note the numerous areas of pale grayish 
streaks, concentrated chiefly m the subepicardial zone, where thev are extensive 
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been led by the findings to lecognize in five instances acute peiicaidial 
disease, subsequently proved, befoie clinical study led to its being 
suspected 


CAUSES OF ELECTROCARDIOGRAPHIC CHANGES IN CASES 
OF PERICARDITIS 

The two factois that appeal to be the most logical and likely causes 
of the abnormality of the electi ocai diogi am m cases of peiicarditis aie 



Fig 9 — Magnification (x230) of a section of the muscle depicted in figure 8, 
showing an area of hyaline degeneration, dissolution of the sarcoplasm and exten- 
sive hydropic vacuolation 


(1) modification of the coronal y circulation by increased intiapeii- 
caidial piessure and (2) direct involvement of the caidiac muscle 
Caidiac Tamponade — Katz, Fed and Scott,® by introducing fluid 
into the pericardial sac of dogs, produced electi ocardiographic changes 
in the limb leads greatly resembling those which we have been dis- 

5 Katz, L N , Fed, H, and Scott, R W Electrocardiogi am in Pericardial 

Eftusion Experimental, Am Heart J 5 77, 1929 
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cussing Theie is theiefore little reason to doubt that a large eftusion 
can raise the mtrapericai dial pressure above the inti a-auricular pi essure 
sufficiently to decrease auricular and ventricular filling and thus lovei 
the systemic pi essure to the point of impairing the coronary circulation 

We judge that deiangement of the blood suppty secondai}’- to the 
tamponading effect on the heart of increased inti apericai dial piessuie 
IS the mechanism most widely accepted as the cause of the abnormalit} 
of the electrocai diogi am in cases of pericarditis So far as deviations of 
the RST segment aie concerned, a stud)’- of oui mateiial indicates 
that these changes, which, in degree at least, so strikingly lesemble the 
monophasic curves pioduced by acute coionary occlusion, can rarel) 
be attributed to such a mechanism In only thiee of the twenty-foui 
cases in which the RST deviation was marked and conformed to a 
certain pattern, which we have desciibed, was the amount of fluid 
sufficient to suggest this explanation In two cases the peiicaidium 
contained a large quantity of blood, lesulting lespectively from a stab 
wound and a ruptured dissecting aneuiysm, in the thud case a piieu- 
mococcic infection pioduced a large effusion In eleven of the remain- 
ing twenty-one cases the absence of much fluid was confiimed by 
neciopsy, which revealed plastic pericarditis, eithei with no fluid or with 
a small amount which was insufficient to exert any effective piessuie 
In nine of the ten remaining cases in which autopsy was not pei formed. 
Clinical evidence of any effective effusion was lacking, in the tenth case 
(pneumococcic pericarditis), we consider that the effusion was not 
responsible, since the deviation in the RST segment peisisted aftei the 
pericardium had been opened and drained Consideiing the matter fiom 
a different point of view, in seven cases of tuberculous peiicarditis with 
massive effusion no deviation was observed in the RST segment, though 
the T wave was flattened or inveited 

AVe cannot diaw such definite conclusions concerning the relation of 
caidiac tamponade to a flattened or inverted T wave without deviation 
in the RST segment This type of tracing was encountered mainly in 
oui twenty cases of tuberculous peiicarditis, and in most of these cases 
theie was accompan3'-ing effusion We are doubtful, howe-ver, that the 
latter pioduced the change, since in several cases inveision of the T wave 
was obser\ed to persist for a consideiable period after most of the fluid 
had been lemoved or had spontaneously disappeared 

Since cardiac tamponade is not a satisfactory explanation of the 
electrocardiographic changes, we prefei to considei the role of direct 
muscular injury as a cause of the changes in the RST segment and T 
wave in cases of acute pericarditis 

Myocaidml Injwy m Cases of Acute Peiicaj dttis — Although 
pathologists have appreciated foi a long time that a naiiow zone of 
subendocardial muscle may be severely damaged m cases of acute pen- 
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caidial disease, this fact has not been widely applied as an explanation of 
the electrocardiographic findings associated with acute peiicaiditis 
Stengel and Fox ® stated that the muscle is usually involved , Vaquez,' 
that it often is, and Karsner,® that it sometimes is affected m cases of 
pericarditis Vaquez placed importance on the muscular changes in 
cases of pericarditis and attributed “the heait failure sometimes seen in 
pericarditis to this muscle change ” Fowler, Rathe and Smith,® in study- 
ing experimental pericarditis in dogs, obtained evidence histologically 
of inflammation, fragmentation and vacuolation involving the superficial 
muscle tissue They attiibuted to this myocardial involvement the 
inversion of the T wave encounteied and were, so far as we are awaie, 
the first to relate the altered electrocardiogram associated with peri- 
carditis to direct musculai injuiy Barnes accepted the conclusions 
just referred to and, as we have stated, attributed certain unusual elec- 
trocardiographic findings that are typical in cases of human coronary 
occlusion associated with pericarditis to dnect myocardial change 
secondary to the pericarditis He presented, how'ever, no histologic 
evidence of myocardial change 

Since other suggested explanations seemed to us to be inadequate, the 
observations we have just cited, which indicate that the electrocardio- 
graphic changes in cases of acute pericarditis are the lesult of accom- 
panying injury, have appealed to us as suggestive We have attempted 
to secure additional infoimation bearing on this i elation by studying 
nineteen cases histologically and attempting to determine the extent to 
which electrocardiographic and histologic changes can be correlated 
The histologic changes are recorded in table 2 

Speaking generally, there were striking myocaidial changes m a 
narrow subendocardial zone of muscle over a considerable extent of the 
ventricular surface m the cases of lapidly developing virulent types of 
peiicarditis, which included the pneumococcic, rheumatic and uremic 
varieties In the tuberculous foim, which is slowei and more insidious 
m development, generally either there was no demonstrable myocardial 
involvement, or slight involvement was seen in only occasional focal 

6 Stengel, A , and Fox, H A Text-Book of Pathology, Philadelphia, W B 
Saunders Company, 1915 

7 Vaquez, H Diseases of the Heart, translated by G B Laidlow, Phila- 
delphia, W B Saunders Compan 5 ’^, 1924 

8 Karsner, H T Human Pathology, Philadelphia, J B Lippincott Compan}', 
1926 

9 Fowler, W M , Rathe, H W, and Smith, F M Electrocardiographic 
Changes Following Ligation of the Small Branches of the Coronary Arteries, 
Am Heart J 8 370, 1933 

10 Barnes, A R Electrocardiographic Pattern Observed Following Acute 
Coronarj Occlusion Complicated by Pericarditis, Am Heart J 8 734, 1934 
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zones, most of the subendocardial muscle being unaffected The one case 
which \\as an exception to this general statement, in that most of the 
m}Ocardium was destroyed by tuberculous infiltration, will be refeired 
to subsequently 

Table 2 — Histologic Obseivaitons in Nineteen Cases of Pet icaiditis 


Case 

No 

Tjpe of 
Pericarditis 

Changes in 

T Wave 

Days 

Before 

Death 

Essential Histologic Data for Myocardium 

1 

Pneumococeic 

RST deviation 

1 

Severe degenerative changes in muscle, 
cloudy swelling, fragmentation, most 
marked in subepicardial zone, cellular mill 
tration into subepicardial portion of 
myocardium 

2 

Pneumococcic 

RST deviation 

1 

Same as in case 1, degenerative changes and 
cellular infiltration marked in subepicardial 
zone 

3 

Pncumoeoecie 

RST deviations 

2 

Same as In case 7 

4 

Pneumoeoccic 

RST deviation, 
later, flat Ti, 
inverted Tc 

1 

Diffuse severe myocardial degeneration, no 
predilection to subepicardial zone, no 
cellular Inflltration 

5 

Pneumococeic 

RST deviation 
later, inverted Ti 

2 

Vacuolar and fatty degeneration, cloudy 
swelling, especially marked in subepicardial 
zone 

6 

Staph} ioeoccie 

RST deviation 

O 

Degenerative changes in myocardium, cellu 
lar inflltration in subepicardial zone 

7 

Uremic 

RST deviation 

1 

Hyaline degeneration, dissolution of sarco 
plasm and hydropic vacuolation, particu 
larly marked in subepicardial zone (flg 9) 

S 

Uremic 

RST deviation 

1 

Same as m case 7, but not so marked 

9 

Uremic 

RST deviation 

1 

Change in muscle as in case 7, slight in 
degree and especially conflned to subepi 
cardial zone 

10 

Urcmic 

Inverted Ti 

1 

Cloudy swelling (slight) 

11 

Xeoplastic 

Inverted Ti 

1 

Extensive carcinomatous inflltration into 
myocardium, degenerative changes in 
cardiac muscle 

12 

Phcumatic 

RST onginall} 
deviated, 
inverted Ti 

1 

Diffuse degeneration, no predilection to 
subepicardial zone 

13 

Uni noirn 

RST deviated 
in precordial 
leads only 

3 

Diffuse degenerative changes throughout 
muscle, dissolution of sarcoplasm, cloudy 
swelhng, vacuolation, most marked in 
subepicardial zone 


Tuberculous 

Inv erted Ti 

23 

Extensive infiltration of caseous process IVn 
to 2 inches (3 8 to 5 cm ) in thickness into 
myocardium, resulting in destruction of one 
half to two thirds of ventncular myoear 
dium cellular infiltration in outer jiortion 
of muscle 

15 

Tuberculous 

Inverted Ti 

4 

Slight infiltration into myocardium (small 
area) 

1C 

Tuberculous 

Inverted Ti 

O 

J 

Slight cloudy swelling 

17 

Tuberculous 

Plat Ti, inverted 

T2 7 

No definite change 

IS 

Tuberculous 

Inverted Ti 

o 

No definite change 

10 

Tuberculous 

Inverted Ti 

n 

o 

No definite change 


In attempting to disco\er the relation between these myocardial 
changes and the accompanying abnormal electrocardiograms, we wish 
again to consider separately deviation of the RST segment and inversion 
of the T wave alone 
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Only when there was demonstrable myocardial damage was deviation 
of the RST segment noted In all five cases of uremic and pneumo- 
coccic pericarditis in u Inch this change was present at death thei e was 
extensive involvement of the subepicardial zone of muscle In thiee 
additional cases of pneumococcic and one of rheumatic pericarditis, all 
associated with extensive myocardial change, deviation of the RST seg- 
ment was originally shown, though there was only an inverted T wave 
at the time of death some months later On the other hand, in five of 
our cases of tuberculous pericarditis and one case of uremic pericaiditis 
in which neciopsy was performed and m which no deviation of the RST 
segment was noted, there was little or no recognizable histologic evidence 
of myocardial involvement In still another case of uremic pericarditis 
m which there was no deviation in the RST segment we consideied the 
myocardium to be practically normal histologically, the only change 
noted being slight swelling of an occasional muscle fibei 

This IS the only direct evidence that we can present which beais on 
the question undei discussion We regard it as furnishing a fair coi- 
1 elation between the electrocardiographio changes and the myocardial 
changes and interpret it as supporting the view that the striking deviation 
of the RST segment associated with certain forms of acute pericarditis 
are the result of myocardial change that is gross enough to be demon- 
strable histologically However, some indirect evidence to suppoit this 
view IS furnished by the similarity in the electrocardiographic behavioi 
noted in cases of acute coionary occlusion and acute pencaiditis 

Two facts concerning deviation of the RST segment in cases of 
acute coronary occlusion are well established 1 Deviation of the RST 
segment occurs only after gioss myocardial destruction, it is produced 
however, by injured or dying as opposed to dead muscle With cleath 
of the muscle ^this deviation disappears and gives way to an inverted T 
wave , f 01 this reason the change is transient and of relatively brief 
duration 2 Myocardial death that is slowly pioduced by gradual as 
opposed to sudden closuie of a coronaiy arteiy does not produce sti ik- 
ing monophasic curves, though it ma)^ cause inversion of the T Avave 
The behavior which we have observed in cases of pericarditis is cei- 
tainly similar We haA’^e seen deviation of the RST segment only when 
myocardial damage has been demonstrable post moitem (table 2) This 
change, as Ave have shown, is transient and is piesent only duiing the 
early stages of mjmcardial injury , this suggests, as is observed in cases 
of acute coronar} occlusion, that it is the result of injured and dying 
rathei than dead tissue This is also suggested by the fact that devia- 
tion of the RST segment in our experience, develops chiefly in associa- 
tion Avith the forms of pericarditis that develop rapidly and mahgnanth^ 
it IS largely absent m cases of the insidious and sloAvly progi essive tubei - 
culous Aariety of peiicarditis Fuithermore, the absence of deviation of 
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the RSI segment m a single case of tubeiculous peiicaiclitis m which 
there was gross desti action of a laige portion of the vcntiicular muscle 
suggests that when the myocaidial injury takes place giadually and 
insidiously, only inversion of the T wave without deviation lesults, just 
as It does with giadual closuie of a coionary aitciy 

Oiii cases in which a histologic study was made foim too small a 
series on which to base any final conclusions The evidence fuinishcd, 
howevei, as fai as it goes, seems to lend definite suppoit to the view 
that the deviation of the RST segment which is the distinctive electio- 
caidiographic change associated wuth acute pei icaiditis, like the similai 
change associated with acute coionaiy occlusion, is a lesult of acute 
myocardial injury produced hy the inflammatory piocess of acute peri- 
caiditis 

So fai w'e have chiefly discussed deviation of the RST segment and 
have said little concerning the cause of flattening oi inversion of the T 
wave Since definite alteiation of the T wave is an indication of definite 
myocaidial derangement, this abnoimal finding must have some definite 
cause 

With few exceptions, m the cases of acute pencaiditis in which theic 
was an initial deviation of the RST segment the T wave became inveited 
as healing of the pericaidial piocess occuired The T wave m many 
instances changed to an upright configuration Con elation of the elec- 
tiocaidiogiaphic changes with the clinical pi ogress of the pencaiditis 
and the necropsy data suggest that the occunence of deviation of the 
RST segment was associated with seveie changes in the subepicaidial 
poition of the myocaidium, eithei mflammatoiy or degeneiative Invei- 
sion of the T wave was piobably associated wuth the subacute oi sub- 
chionie stage and occuired when the pericardial piocess was healing and 
the geneial toxemia was less maiked With tubeiculous pencaiditis, 
wdiich, as alieady stated, occuned in a much less viiulent foim than the 
nontubeiculous variety, inversion of the T wave, lather than deviation 
of the RST segment, was the characteristic electiocaidiogiaphic change 

In one of the six cases ” of tuberculous pericarditis m which neciopsy 
was peifoimed gross myocaidial damage was present, in the remaindei 
the myocaidial damage was slight, in some of these cases we could 
demonstiate an occasional area in which the mflammatoiy piocess had 
appaiently penetiated only superficially into small areas of the myo- 
caidium Aside fiom these changes little histologic evidence of myocai- 
dial damage was seen The added factoi of pencaidial effusion in 
pioducmg changes m the T wave in three of the six cases is to be con- 
sidered, howevei, we have obseived these changes in the absence of 

11 In one case, after pcricai cliotoin\, there were mf1ammator\ changes in 
the snhepicarchal portion of tlie myocardium whicli were probahl\ due to secondarv 
infection this case is omitted from consideration licre 
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eftusion It should be stated heie that it is not unusual to fail to obsene 
demonstrable histologic and othei changes to account for the presence 
ot an abnormal T ^^ave Our findings lead us to attribute the alteiation 
in the T wave in cases of tuberculous pei icarditis to the effect of inflam- 
matory changes ot the pericardium which pioduce functional deiange- 
ment of the undei lying muscle and geneial toxemia and in some instances 
cause the formation of peiicaidial fluid 

DI \GNOSTIC IVIPORTANCn OF ELECTROCARDIOGRAPHIC CHANGES 
ASSOCIATED WITH PERICARDITIS AND CORONARY OCCLUSION 

Not only aie the electrocardiographic findings associated with pen- 
caiditis and coronal y occlusion similai, but the clinical pictuies also may 
be similar However, as we have indicated, we believe that in cases of 
peiicarditis unassociated with coionaiy occlusion theie are ceitam dis- 
tinct features that enable one to diffeientiate between these two condi- 
tions When the electrocardiogiaphic findings aie typical (demonstrated 
m two cases of our senes and consisting of elevation of the RST segment 
in the three limb leads, its depiession in leads IV and V and its eleva- 
tion in lead VI, with preservation of the initial downwaid deflection) the 
diffeiential diagnosis is as a rule compai atively easy, foi peiicaiditis is 
stiongly suggested We aie not acquainted at present with any condi- 
tion othei than peiicaiditis that can yield a similar combination of elec- 
tiocardiogiaphic findings, and we have noted no instance of coionary 
occlusion that has exactly produced them In all our cases in which 
neciopsy uas perfoimed and in which these findings weie noted (21 
cases) pericaiditis alone was piesent 

The common types of coronary occlusion, namely the and T 
types, pioduce changes in the limb and piecordial leads which aie easily 
differentiated from those typical of cases of pericarditis The only cases 
of coronal y occlusion in which the electiocaidiogiaphic changes ma}'^ be 
confused with those seen in cases of pericarditis are the lather raie 
ones 111 which the infarction involves both the anterior and the posteiioi 
suiface of the left ventricle^- While this type of infarction pioduces 
elevation of the RST segment in the thiee limb leads the pictuie differs 
definitely from that pioduced by peiicarditis in that first, the elevation 
of the RST segment in lead III is slight, while in lead II it is approxi- 
mately the algebiaic sum of the elevations in leads I and III and lead 
V shows less deviation of this segment than does lead IV , secondly, a 
Q wave is usually present in leads II and III (neithei in the cases in oui 
senes nor in the cases reported uith which we aie acquainted was theie 

12 Wolferth C C , Wood, F C , and Bellet, S Acute Cardiac Infarction 
Involving Anterior and Posterior Surfaces of Left Ventricle, Arch Int Aled 
56 77 (Julj) 1935 
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a Q wave in the electrocai diogram which could be definitely attributed 
to i^eiicaiditis), and, thirdly, the major points of diffeiences are seen in 
the chest leads Most important is the fact that in all cases within our 
expel lence in ivhich there was both anterior and posteiioi infaiction 
theie was no initial downward deflection in leads IV and V, which is 
chaiacteristic of infarction of the anterioi poition of the left ventricle 
In cases of pericarditis the original configuiation of the QRS complex 
IS not changed, in spite of sti iking alteiation of the RST inteival in both 
limb and chest leads 

In cases of peiicarditis in which elevation of the RST segment is 
piesent m leads I and II only, and not in lead III, the electiocai dio- 
gram goes fai towaid establishing peiicarditis lathei than coionaiy 
occlusion as the cause — when the findings of the piecoidial lead aie 
typical If extensive pericaiditis is piesent with coionaiy occlusion the 
differential diagnosis may of couise be extiemely difficult — if not impos- 
sible The piesence of pievious myocardial infarction, an abnormal 
position of the heait oi the effect of digitalis add to the difficulty of the 
diagnosis In this connection the impoitance of seiial electiocaidio- 
giams is emphasized, since the diagnostic implications, which may have 
no differential value if based on only one electiocai diogram, may become 
definite when successive electiocai diogiams aie available foi exami- 
nation 

SUMMARY AND CONCLUSIONS 

The electiocai diogiaphic findings in fifty-seven cases of acute peii- 
caiditis of diffeient etiologic types are presented and discussed 

On the basis of these obseivations it is concluded that in a laige 
majority of cases (80 pei cent in this series) electrocardiogiaphic 
changes aie associated with pericaiditis In twenty-one cases (more 
than 37 per cent) the alteration in the RST segment confoimed to a 
pattern which we legaid as fairly chaiacteristic, namely, elevation of the 
RST segment in the three limb leads, depiession of the inteival in leads 
IV and V and elevation of the interval in lead VI, with pieservation of 
the initial downwaid deflection In the remainder the inversion of the 
T wave and minor changes m the RST segment, which are considered 
important, weie noted In the main, the deviation in the RST segment 
was observed in association with the moie virulent forms of peiicarditis, 
e g , pneuniococcic, ui emic and i heumatic , the altei ation in the T wave 
uas the outstanding change piesent in cases of tubeiculous pericarditis 

The deviation in the RST segment and the change in the T wave are 
tiansient, for this leason it is important to obtain electiocai diographic 
lecords at fiequent intervals 

The use of precordial leads as an impoitant aid m the diagnosis is 
herein recorded , additional information was sometimes obtained by plac- 
ing the anteiior electrode ovei the area of friction 
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The basing of a diffeiential diagnosis on the electiocaidiogiaphic 
findings m cases of peiicaiditis and coionax}^ occlusion is discussed 
Histologic studies of the cardiac muscle weie made in nineteen of 
the cases of oui seiies From these observations, togethei with othei 
factois mentioned, it is concluded that invasion of the suhpericardial 
portion of the m3mcardium by peiicaiditis is chiefly lesponsible for the 
deviation observed in the RST segment 

Frequently, m spite of the presence of frank pencaiditis, no electio- 
cardiogiaphic changes are observed This is probably due to the absence 
of myocardial involvement oi to the piesence of an extreme^ slight 
grade of involvement 

The chiefs of the various medical, surgical and tuberculous serMces gave us 
permission to study and report these cases 
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mal and of pathologic subjects,’- as well as on the amount of iron which 
IS retained and utilized by patients with anemia of \arious types- We 
ha\ e shown that patients with hypochromic anemia retain a large amount 
of iron but utilize only a lelatuely small percentage of that letained-'’ 
and that the absence of hydrochloric acid in the gastric juice inteifeies 
with the retention of dietary iron but has no effect wdien large doses 
of medicinal iron are admmistei ed ® We have also shown that the 
degiee of anemia w'hich is present has no appieciable effect on the 
amount of non letained^ The effect of copper and of a liver fraction 
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the results obtained w'lth variable amounts of iron ^ We wash to present 
in this communication the results of iron balance studies of patients 
with pernicious anemia, chionic lead poisoning and myxedema 
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The important clinical features in each of these cases aie given in 
table 1 and the hematologic findings, gastiic acidity and basal metabolic 
lates in table 2 

METHOD 

The patients received iron in the form of iron and ammonium citrates m com- 
bination with a liver fraction e The amount of iron which they received was deter- 
mined by analysis of representative samples of this preparation, and the dietan 


Table 1 — Chmcal Fcatuics 


Patient 

Age 

Sex 

Diagnosis 

Clime il Icatures 

1 

57 

F 

Pernicious anemia 

Had received li\cr extract but m made 
quate amounts, latlier slow response to 
liver extract 

2 

3S 

r 

Pernicious anemia 

Had received li\cr extract m inadequate 
amounts, slow response to liver extract 

8 

82 

M 

Lead poisoning 

Had worked in battery repair shop break 
ing up old storage batteries and making 
new ones 

4 

54 

r 

I ead poisoning 

Had u'ed one brand of face powder con 
tlnuously for 38 jears analysis revealed 
that this consisted almost exclusivol} of 
lead carbonate 

0 

59 

M 

Mwedema 

Hid received thjroid extract intermittentlv 
for several jears died of coronarv 
occlusion 

6 

52 

r 

Mivedcma 

Graduallj increasing sjmptoms for 10 vcirs 
prior to admission to hospital presented 
all characteristie features 

7 

09 

F 

Mwedema 

Incieasing svmptoms for 8 vear® pre 
sented all clnraeterlstic feature' 


Table 2 — Laboialoix Data" 




Heraato 








Hemo 

crit 

Erythro 



Satu 


Bii'al 


globin. 

Heading, 

cj tes. 

Color 

Volume 

ration 

Gastric 

Metabolic 

Patient 

% 

% 

% 

Index 

Index 

Index 

Aciditj 

Rate 

1 

62 

90 

92 

0 67 

0 97 

0 69 

0 

— 

2 

82 

89 

93 

0 88 

1 OS 

092 

0 

+2i 

3 

56 

74 

67 

0 83 

1 10 

0 75 

— 

— 

4 

jG 

68 

63 

0 88 

1 07 

0 82 

0 

— 


85 

97 

87 

0 97 

109 

0 89 

0 

—38 

G 

40 

65 

58 

0 84 

1 12 

0 75 

^ormal 

—41 

7 

55 

71 

65 

0 84 

1 09 

0 77 

Normal 

— 35 

* The hemoglobin hematocrit and 

erytbrocj to v allies are 

given m 

percentage 

of normal 

values, ns calculated from the tables of Osgood ( V Tc\tbook of Lnborntorj Diagnosis, ed 2 

Philadelphia, P 

Blaki'ton’s 

Son & Co 

, 1933, p 

420) 





intake of iron was calculated from the tables of Rose ~ The procedures w'ere the 
same as those described in a previous report =1 The balance studies were preceded 
by a three day period of adjustment, during wdiich the patients received the regular 
balance diets This was follow'ed by a six dav control period, during wdiich thev 
received no medicinal iron Patients 1, 3 and 5 w'ere studied for only one period 
and did not receive additional iron, and patient 7 w'as studied for tw'O six dac 
periods before the administration of iron was begun The control period for patient 

6 The preparation used was lextron 

7 Rose, Marv S Laboratorj' Handbook for Dietetics, ed 3, New' York 
The Macmillan Compam, 1929 



fABLr 3 — Rcsulli of Balance Shitlics 


= U s'- 

a K 


O s 
^ °cs 


-s CJ ® 


C 

O 


fcfl 


Cg. 

tc 5 

cs e: 

^£2 

C3*H 


o 

£i 

fi. 

*» ^ 
o £ 

s®., 

^ es 

cj ca 

c: 

u 

o 

> 


:= c 

'^O 
>. - 
S « I 

=5 




O O »2 

oo ^ 


— C5 


(n + 


o o C O »■“ o o 

o O' 00 o oi e-i 

C-^ ClfflC-'C'C- C- 


O c* 

♦-• cr 00 

CM r-i 


ooo 

I I I 


o 

o 


r- cc 

c^ CO c^ 
rH C> r-» 
C^ Cl rN 

I I I 


o<r o 

I"*! f CJ 
CO 1*^00 


c*'— o 


O O I- © 
CO © CO © 
CJ Cl Cl Cl 


CO !'• CO I' 

I'-' 1-- 

© o© — 


CO 00 CO O O Cl !•« I-*- t*«. t- 


c © o © © ©©©o 

I- ~ CO C- CO O I'- X- 

^©c-’Oir ©> ©ci-j"-^ 

c““©e^©‘C'‘ -*» cj-cce^o** 


»‘^£ 0 ©i--cr 

■"T I"- © o 

© O'* t— Cl C/ 
1— CO 00 CO CO 


COOOO© 

CO © Cl © O'* 


© Cl © c 

© © 1 — c 


Cl © © Cl © 


4 * *r-*~ 4 “ 


+ + 4 - + -A- + 1 + + ' 


Cl • 


f' ir 


Cl ic © O Cl 
O © l-o Cl © 
^ ^ Cl 
rt f-H © Cl 


© CO •'^ © rH 
— ' I'. © OO 00 
^'^©O© 
1-4 © o o o 
Cl Cl d Cl 


CO © © C 
I*" ©Ox 
© © c 


^ © CO © 

© © © Irt 
T— ir © © 
r- I- l-X- 
Cl Cl Cl 


d © © © 

© oq © ’-t' © 

© d »-4 Cl T- 


P- © O Cl 
0©C1© 

1*" 

pH -p -»■ © 

o©©©© 

o 

©ooo 

4'"^'r + 4* 


1 ++-^ 


©©t- Wi-< 

© •— -»1 © P -4 

© Cl Cl Cl © 


Cl ^ © CO © 
■n’ O "rr © 1 ^ 
•<-4 © -n* © O 


© c- x-;- 1-4 Cl 
O CO© ©O 
©^©I'-l'- 
Cl Cl »-4 P-4 © 


*t* © cl © 'T 

© © — © Cl 
© CO 00 © ' 


I-' X^ © Cl 
-V © © T 

© © p- 


Cl '^ © C5 © 
1— © -•-r Cl 

o © O OJ>» 

r-« »-i O 00 cl 

TH © d 


- Cl Cl © 

-©o© 

Cl Cl CM 


l'-© 0 ©f;- 
!•» © in IT- i'- 
ClOdCI© 

o ©oo o 

T 1 1 I + 


© I-© CO 
I-- Cl Cl Cl I'* 

p^ ^ © © © 


CO ■«’Cio-r — t-x>-©© 

^ C*! C** © ^ X>-. X-- Cl 

np nr* — ©© -r-*'©©’^ 


© 


© © © i- 
Cl © © © 
© © 1 '- *-r 
— ' c-s © © 

INI 


C** © p- Cl © 

"T I O 

cc © Cl © © 

P- pH Cl © Cl 

I I I I 


O © I- 


t-- 00 oo © © pp — 


CO »** I'** o CO 
^ w © © © I" n 

O Cl p- © © © X'- l- 

C1 Cl I-- P- Cl © cl 


oo©o 

00 C'^'T 
© pH O 


x^ 

© 

© 


© © © © 
© CO PH P- 

‘ 


— P- © ©Ot 


p- '— — © © 
p- © © © pp 
CO—©©© 
©©©CO 


c 



rorlv flvo (Inv'i liotflcon poiiotls 0 nncl 1 Tnolvo cnp<fiilcs per clay of a combination of lion and liver extract were tnlvcn durinK that time 



404 


ARCHIVES OF INTERNAL MEDICINE 


2 was complicated by menstruation, so that the markedly negative iron balance is 
partially explained on this basis All balance periods were of six days’ duration, 
and carmine was used to mark tbe stools at the beginning and at tbc end of each 
period The excreta were carefully collected and stored m glass or porcelam-hned 
containers Nitrogen was determined by the Kjeldahl method, phosphorus bv the 
method of Fiske and Subbarow « and iron by the method of Reis and Chakmakjian " 
The complete results of the balance studies are given in table 3, and a sum- 
mary of the data on iron letention is given in table 4 


RESULTS 

Peintcwus Aneuna — Vaiious non balance studies have been made 
on patients with pernicious anemia Queckenstedt has stated that 
there is no coi relation between the fall in the blood count and the late 
of urinaiy excietion of non Rieckei “ has shown that the non content 
of the seiLim is highei during a i elapse in pernicious anemia but i etui ns 

Tabif 4 — Avciage Daily lion Balance by Pci tods 


Iron Balance, Mg 

* , Total Iron Percentage 



Control 





Ret mild,* 

of Iron 

P iticnt 

Period 

Poiiod 1 

Period 2 

Period 3 

Period 4 

Mg 

Retained 

1 

— 3 00 








2 

—13 S4 

-t- 00 77 

+ 73 43 



1,021 20 

29 

i 

+ 'iST 





— 


4 

+ 2 27 

-f-133 24 

+ 153 39 

—52 21 

+19 00 

1,045 92 

25 


+ 7 00 





— 


G 

-t- 0 10 

+ 113 13 

+ 85 07 

+89 23 


1,730 70 

4 

7 

-t- 1 00 

— 0 02t 

+102 50 

+82 28 

+ >0 IS 

1 )25 70 

2i 


* r\chisive of control periods 
t Ko medicinal iron vas given 


to noimal duiing a i emission and that a i emission is accompanied with 
an increase in the excretion of iron Gibson and Howard have dem- 
onstrated that a favorable non balance may be leadily established m 
patients with pernicious anemia when a diet rich in iron is given and that 
non retention may occui m the piesence of a negative nitrogen balance 

Patient 1 of oui series was in a negative iron balance of 3 06 mg 
pel day while leceiving a diet containing 19 98 mg of non She was 
in positive nitrogen balance Patient 2 was in a maikedly negative 

8 Fiske, C H , and Subbarow, Y The Colorimetric Determination of Phos- 
phorus, J Biol Chem 66 375, 1925 

9 Reis, F, and Chakmakjian, H H Colorimetric Method for Quantitative 
Determination of Iron in Blood in the Form of Dispersed Prussian Blue, J Biol 
Chem 92 59, 1931 

10 Queckenstedt, H Untersuchungen uber den Eisenstoffwechsel bei der 
perniziosen Anamie, mit Bemerkungen uber den Eisenstoffwechsel uberhaupt, 
Ztschr f klin Med 79 49, 1914 

11 Riecker, H H Iron Metabolism in Pernicious and Secondary Anemia, 
Arch Int Med 46 458 (Sept) 1930 

12 Gibson, R B, and Howard, C P Aletabohc Studies in Pernicious 
Anemia, Arch Int A'led 32 1 (July) 1923 
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iron balance during the control period although thii> was paitialK 
accounted for hi the menstrual loss of blood Both of these patients 
were m a partial remission induced b\ Iner extract but improiement 
had ceased in spite of the continued administration of a potent h\ei 
extract The hemoglobin \alue for both increased to normal with the 
subsequent administration of iron and Iner extiact \\'ith the admin- 
istration of iron and ammonium citrates in combination with a Inei 
fraction it was found that patient 2 retained a large amount of iron 
(tables 3 and 4) During the fiist period of admimstiation of iron 
she recen ed 283 98 mg per da\ and retained 96 77 mg During the 
second period with a similar intake she retained 73 43 mg per dai 
For the entire period of administration of iron she retained 29 per cent 
of the amount gnen When the same preparation of iron with a luer 
fraction was administered in similar amounts to a group of patients 
with Inpochromic anemia the retention caned from 13 2 to 311 pei 
cent w ith an ac erage of 20 4 per cent ^ Although the hemoglobin c alue 
for patient 2 increased onh 0 485 Gm per hundred cubic centimeteis 
of blood in the twehe da\s of the balance stude theie was a furthei 
increase after the balance study was completed whereas the hemoglobin 
\alue had preciousU been nearh stationau with luer extiact alone 

Lead Poasojiiiu; — ^Two patients (3 and 4) with chronic lead poison- 
ing were studied m a similar manner Patient 3 was under obsei cation 
for onh one six dac period ccith no medicinal iron Dining tins period 
he retained 5 37 mg of iron pei dac from the diet alone Patient 4 
retained 2 27 mg from the dietarc iron and was studied for four 
additional balance periods while receicing medicinal iron She was gicen 
a combination of iron and ammonium citrates cvith a licei fraction and 
leceiced from 263 78 to 269 83 mg of iron per dac During the fiist 
two peiiods of administration of iron 153 24 and 153 39 mg respec- 
ticelc ccas retained during the third period there was a negative bal- 
ance of 52 21 mg per dac and in the fourth period only 19 9 mg was 
retained per dac For all four periods 25 per cent of the iron which 
ccas administered was retained, an amount ccdiich is but slightl) highei 
than the ac erage of 20 4 per cent for the patients cc ith he pochromic 
anemia preciouslc reported During the first tccelce dacs the hemo- 
globin c alue increased 0 066 Gm per dac but during the last tw elc e dac s 
no increase occurred There was an mtercal of forte -fice dacs between 
these penods during ccliich the patient receued the licei and iron 
continuoiislc 

H\'f>ot}i\, oidism — Three patients with tcpical mexedema ccere simi- 
larlc studied Patient 5 was in a positice iron balance of 7 66 mg pei 
dav with a dietarc intake of 12 19 mg in spite of the fact tliat he 
had achlorhcdria Patient 6 with normal gastric aciditc was m a post- 
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tive balance of 6 1 mg from a diet containing 11 91 mg of iron With 
the administiation of iron and ammonium citrates and a liver fraction, 
large amounts of iron were retained, and during the three periods 
she letained 34 per cent of the iron which was administered During 
this time theie was but a slight increase in the hemoglobin Aalue — 
0 357 Gm in eighteen days Thyi oid extract was being administered 
during this time For patient 7 there were two control peiiods m which 
the non balances were -f-1 06 and — 0 02 mg per day, respectively 
During the following three periods she retained 27 per cent of the 
non administered The increase in the hemoglobin value dining this 
period was small, amounting to 0 027 Gm per day This patient aa as 
also leceiving thyioid 

COMMENT 

The lesults of the iron balance studies of these patients shoAv a 
letention of iron A^arying from 25 to 34 per cent This is slightly, but 
not significantly, gi eater than the letention which was obtained with 
similai amounts of the same piepaiation when given to a group of 
patients Avith hypochiomic or iron deficiency anemia'* This indicates 
that the type of anemia does not influence the amount of iron which 
IS retained and is in keeping Avith the pievious report® shoAAUng that 
the degree of anemia does not influence the retention of non The 
lesults reported here Aveie obtained foi patients Avith thiee entiiely 
difteient tj'pes of anemia 

Patients Ainth peinicious anemia retained 29 per cent of the non, 
and the hemoglobin value inci eased at the late of 0 04 Gm pei day 
It has been shoAAii that iron is adA^antageous in certain of these cases, 
paiticularly AAdien the hemoglobin A'alue and the eiythiocyte count haAe 
increased to a certain level and have then remained stationaiy in spite 
of continued liA^er theiapy Such Avas the case in these tivo patients 
Avith pernicious anemia, and after the balance studies weie discontinued 
the hemoglobin A^alues continued to increase Avith the administiation of 
the combination of iron and Inei extiact 

One patient Avith chronic lead poisoning letamed 25 per cent of the 
iron administeied The hemoglobin response to this amount of non 
Avas not extremely rapid (0 06 Gm per day) but was such that the 
medication seemed to be adA^antageous There Avas no evidence of a 
deficiency of iron in these patients, but nevertheless the retention of 
non and the hemoglobin i espouse obtained Avith the combined liver 
extract and iron justify its use 

Theie is some dispute as to the proper therapy for the anemia 
associated with myxedema Baldridge and Greene have shoAvn that 

13 Baldridge, C W , and Greene, J A Absence of Response of Anemia of 
MA^xedema to Lner Extract, Proc Soc Exper Biol & Med 31 1035, 1934 
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there is no lesi^onse to the administration of liver extiact in these 
patients Lerinan and Means have stated the opinion that liver is of 
Aalue in accelerating or initiating the erythrocyte response in certain 
cases They shoved that thyroid extiact alone may cause a slow 
improAement in the anemia but that the anemia persists in some cases 
The} concluded that iron produced the most lapid improvement Our 
results from the administration of a combined Iner and iron prepara- 
tion shov that 27 and 34 per cent of the iron, respectu ely, was retained 
by tvo patients and that the hemoglobin i espouse amounted to 0 019 
and 0 027 Gm , lespectnely per da} Although this is not a particu- 
laily rapid response, it is moie rapid than that obtained vith thyroid 
extract or Iner extract alone Whethei oi not this combination of liver 
and iron is more advantageous than iron alone cannot be ansveied from 
this experiment Hove\er, it has been shown that non is letained under 
these circumstances in this t}pe of anemia and that a satisfactor} 
hemoglobin response ensues 

SUMM \R\ 

Iron balance studies vere made of patients vith pernicious anemia, 
chronic lead poisoning and myxedema Iron and ammonium citrates 
vas administered in combination with a Iner fi action, and it pioduced 
a retention of from 25 to 34 pei cent of the administered iron This 
IS comparable to the amount of iron letained in h}pochiomic anemia 
under similar circumstances 

14 Lerman, J , and Means, J H Treatment of the -\nenna of Mvxcdenia, 
Endocrmolog\ 16 533, 1932 
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At the meeting of the American Medical Association in Milwaukee 
m 1933 Dr C H Watkins, of the Mayo Clinic, announced that a 
stiained piepaiation of yellow'^ bone mariow had been beneficial in cases 
of granulocytopenia Aftei the use of the yellow^ maiiow, monoc 3 ^tosis 
occuiied and was rapidly followed by an inciease in the ntimbei of 
polymoiphonucleai neutrophils This reaction occurred geneially within 
twenty-foui to foitj'-eight hours aftei ingestion of the mairow'^^ A 
leport of this ivoik has not yet been published by Dr Watkins 

Shoitly after this announcement Di M J Fhpse, of Miami, Fla, 
successfully used yellow bone inariow'^ for a senes of patients suffering 
from granulocytopenia - This preparation is extremely unpalatable and 
has the furthei disadvantage that it must be taken m veiy laige doses 
(60 to 120 Cm 01 more daily), in some cases laige enough to interfere 
with noimal metabolism Di Fhpse expressed to Dr F Fenger, of 
Armoui & Co, the need of a potent concentrate of the actne principle 
of 3 '^ellow bone mairow', and Dr Fengei, in turn, piesented the pioblem 
to one of us (C M M ), wdio was at the time the Armoui Fellow in 
the Otho S A Sprague Memoiial Institute 

’^Armour Felloiv in the Otho S \ Sprague Memorial Institute 

From the Otho S A Sprague Memorial Institute and the Department of 
Pathology, the University of Chicago 

This paper contains the essential features of a preliminary report presented 
to the Medicinal Section of the American Chemical Society at the meeting in 
Cleveland on Sept 11, 1934 Publication was wnthheld pending the accumulation 
of a larger senes of clinical data or the development of a reliable method of 
animal assay which would establish beyond any doubt the activity of our material 
and lead the way to further chemical purification of the granulocytopoietic sub- 
stance We are now publishing our data because of the recent appearance of a 
paper under an almost identical title by J Zicliis (Granulocytopoietic Fractions of 
Yellow^ Bone Marrow, J Lab & Clin Med 22 231 [Dec] 1936), wdiich will be 
criticized in the body of this paper A preliminary report w'as recently published 
by us (Yellow Bone Marrow Extracts in Granulocytopenia Preliminary Report, 
JAMA 109 1965 [Dec 11] 1937) 

1 Watkins, C H Personal communication to the authors 

2 Fhpse, M J Preliminan report to the meeting of the Florida State 
Medical Societi, 1934 
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CIIEI^IICAL PREPARATION 

In the piepaiation of such an active concentiate the fiist consicleia- 
tion vas the unclesii ability of the laige amount of fiee fat piesent in 
yellow bone mai row Thei e was no i eason to believe that eithei fat oi 
fatty acids weie necessaiy foi gianulocytopoiesis, and it seemed 
impiobable that any of the less abundant saponifiable constituents (phos- 
phatides, foi instance) would be necessaiy Accoidmgly, the fiist step 
taken was the lemoval of the saponifiable fi action 

The beef marrow w'as subjected to saponification wntb an excess of alcoholic 
potassium hvdi oxide at the refluxing temperature Aftei dilution of the soap 
solution with w'ater, the iioiisapomfiablc fraction was extracted in the usual way 
(ether, ligroine or, better, etlwlcne dicbloridc was used) The solvent was 
removed m vacuo, and a reddish browm semicrvstallinc w'axv residue remained 
The yield varied betw een 0 1 and 0 2 pei cent of the w-eight of the crude marrow^ 
used This residue w'as dissolved in a bland oil (peanut, corn oi cottonseed) foi 
oral administration in such concentration that each di op (0 05 cc ) w'as equivalent 
to 2 Gm of strained jellow' bone mairow' It has been shown bv clinical test that 
piacticalh all the actnitj of the original mairow is contained in the nonsaponifiable 
fraction 

The jellow' bone mariow’ used in this w'ork w'as fiom the tibias and femuis 
of cattle, being obtained in clean condition, fice fioin bone, blood and other 
extraneous material 0\er 250 Kg has been worked up in our laboratois in the 
following manner 

Saponificattoii Nuntbct — A. 1 Kg sample of the ciude maiiow' was lepeatedlj 
ground until a uniform sample could be obtained The saponification numbci was 
determined bi the usual method 

4 4817 Gm required 76116 mg of potassium In dioxide 

5 8172 Gm icquircd 990 73 mg of potassium hydroxide 

Average value foi saponification number, 1701 

Sapomficatwn and Extiactwn — For lot 2 (Oct 20, 1933) 4,200 Gm of fiesh 
beef j^ellow bone mariow' was added slow'lj' to a hot solution of 1,250 Gm of 
commeicial potassium hydroxide (92 per cent) in 3,000 cc of alcohol The 
material w'as boiled under a leflux condenser, agitation being accomplished bj^ 
blow'ing a stream of nitrogen through the mateiial When the saponification w'as 
complete, in one to tw'o hours, 3,000 cc of w'atcr w'as added, and the resulting clear 
dark brown solution was allow'ed to cool to loom temperatuie, then it W'as 
extracted w'lth etlwlene dichloride as follow's Tw'o liters of the soap solution 
was shaken w'lth 1 liter of ethvlene dichloiide, of w'hich about 525 cc went into 
solution The rest sepaiated fairly readily and w-as drawn oflf For each of the 
next four extractions 500 cc of cthilenc dichloride w'as used These volumes W'cre 
recovered almost quantitatively The combined ethylene dichloiide extracts weie 
diied over sodium sulfate after being w'ashed w'lth w'ater The rest of the soap 
solution was similarly exti acted, and the combined extracts w'ere evaporated in 
vacuo at a bath temperatui e not exceeding 50 C The i esidue w'as a deep reddish 
brow'll oil, W'hich solidified on cooling The yield, 4 Gm , icpiesented 01 pei cent 
of the w'eight of bone maiiow' used 



410 


ARCHIVES OF INTERNAL MEDICINE 


For lot 4, 15 Kg was worked up m the same way and yielded 20 5 Gm of 
residue, and for lot 5, 14 8 Kg was worked up and yielded 20 6 Gm Our yields 
have varied between 01 and 0 2 per cent — ^vve have never even appioached the 
figure given by Zichis,® whose material undoubtedly contains free fat, since the 
amount of alkali used by him in his first preparation (6 liters of 3 per cent alco- 
holic potassium hydroxide for 2 Kg of bone marrow) is about half that required 
for complete saponification of the fats Our material contains a large amount of 
cholesterol, in contrast to his, which “gave a negative test for sterols’’ We have 
also been able to isolate a small amount of crystalline carotene from oui 
preparation 

EXPERIMENTAL TESTING OE GRANULOCYTOPOIETIC AGENTS 

The difficult}^ of testing our preparations has led us to inv^estigate 
the possibility of the experimental induction of granulocytopenia in 
animals In attempts to determine the etiologic factors of the disease 
man)'^ investigatois have also sought to pioduce the condition in animals 
Kracke and Paikei * were able to produce neutropenia m only an occa- 
sional animal of a large series by intravenous injection of hydroquinone, 
catechol, aniline, pai a-aminophenol, quinone and phenol but they weie 
not able to reproduce the clinical pictuie Madison and Squiei ® weie 
able to produce granulocytopenia m only one rabbit of a senes to which 
they administered ammopynne Stenn ® m this laboratory, gave ammo- 
pyrme intravenously ovei a long period to a series of one hundred and 
twenty animals (guinea pigs, labbits and monkeys) without success 
He also superimposed treatment with ammopynne on expeiimental 
anemia and on infections in animals but failed to get results Man) 
workeis" have unsuccessfully attempted to produce the condition bv 
inoculation of animals with organisms isolated from patients dying of 
the disease Yet a few, for instance. Fried and Dameshek,® have 

3 Zichis, J Granulocytopoietic Fractions of Yellow Bone Marrow, J Lab 
& Clin Med 22 231 (Dec) 1936 

4 Kracke, R R , and Parker, F P The Etiologj of Granulopenia (Agranu- 
locytosis), J Lab & Clm Med 19 799 (May) 1934 

5 Madison, F W , and Squier, T L The Etiology of Primary Granulo- 
cytopenia (Agranulocytic Angina), JAMA 102 755 (March 10) 1934 Squier, 
T L , and Madison, F W Primary Granulocytopenia Due to Hypersensitivitv to 
Amidopyrine, J Allergy 6 9 (Nov ) 1934 

6 Stenn, Fred Etiology of Agranulocytosis, Arch Path 20 902 (Dec ) 
1935, The Etiologic Relationship of Amidopyrine to Agranulocytosis, J Lab R 
Clm Med 20 1150 (Aug) 1935 

7 Lovett, B Agranulocytic Angina, JAMA 83 498 (Nov 8) 1924 
Linthicum, F H Experimental Work with the Bacillus Pyocyaneous Report 
of a Case of Pyocyamc Stomatitis with Agranulocytic Leucopema, Ann Otol , 
Rhin & Laryng 36 1093 (Dec) 1927 Keeney, M J Pyocyamc Angina, with 
Agranulocytosis, California & West Med 33 503 (July) 19o0 

8 Fried, B M, and Dameshek, W Experimental Agranulocv tosis, A.rch 

Int Med 49 94 (Tan ) 1932 
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lepoited the induction of piimaiy gianulocytopenia in rabbits by intra- 
venous injection of Salmonella suipestifei Then data do not indicate 
a reproduction of the clinical pictuie, but latbei a temporary neutro- 
penia, such as generally follows the injection of killed organisms 
Piersol and Stemfield ” injected Berkefeld filtiates and supernatant fluids 
fiom cultuies and called attention to the fact that injections of peptones 
and a large number of piotems cause temporal y leukopenia 

Dennis placed a capsule containing a hi oth cultui e of pyogenic 
bacteiia in the abdomen of each of a senes of rabbits and obtained 
nonconclusive results with Staphylococcus auieus, Sti eptococcus haemo- 
lyticus and Bacillus proteus With a laige dose of Sti eptococcus 
Mridans in relation to the size of the animal, he obtained sustained and 
marked gianulocytopenia Zichis “ used the technic of Dennis and 
Staph aureus as the oigamsm ^\lth a senes of foity-siK labbits Of 
these, only “seventeen developed granulocytopenia nine died without 
showing any change in the leucocytic pictuie, and twenty lecoveied 
u ithout any apparent ill effects ” He described no control animals and 
gave data foi only nine of the labbits used Accoidmg to Zichis’ own 
data, fom of these rabbits (no 2, 5, 6 and 9) sho^\ed a distinct deciease 
m the total leukocyte count aftei a tcmpoiary use while lecenmg his 
medication At most, his lesults aie only indicative, being not at all 
conclusive We behe^ e that the Dennis technic as used by Zichis is not 
at all lehable and that for the present at least it is necessaiy to use 
human subjects 

Patients with gianulocytopenia are geneially so ill that it is haul 
to deny them anything that ma}^ be beneficial, and so the} aie geneialh 
gnen several medicines simultaneously It is theiefoie difficult to 
deteimme the efficacy of any one pieparation Howevei, ^\c weie able 
to obtain leports of a fe\\ cases m \\hich othei medication was dis- 
continued in favoi of our concentiate, and the results obtained weie 
convincing Also, the lelatively prompt i espouse to yellow bone mallo^^ 
concentrate often distinguishes its effect fioin the possible action of 
other theiapeutic agents 

We tested our material on a series of six noimal peisons in oui 
laboiatory and found no effect on the leukocyte counts Fhpse^^ found 
that only one of five normal peisons m his laboiatoiy lesponded This 
person showed an mciease to 12,000 leukocytes Mithin twenty-foui 
hours after taking 10 Gm of lefined whole yellow mairow The same 

9 Piersol, G M , and Stemfield, E Granulopenia (Granulocytopenia), with 
Special Reference to Classification and Benign Types, Arch Int Med 49 S78 
(April) 1932 

10 Dennis, E W Experimental Gianulopenia Due to Bacterial Toxins 
Elaborated in Vivo, J Exper Med 57 993 (June) 1933 

11 Fhpse, M J Personal communication to the authors 
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person showed an inciease fioni a noimal total leukocyte count, of 7,000, 
to 21,000 (86 pei cent polymoiphonucleais) within twenty-foui hours 
aftei taking a teaspoonful of the concentiate 

CLINICAL OBSERVATIONS 

The effect of our pieparation on patients with gianulocytopenia is 
illustiated in the following briefs of cases in which it was tested Ihese 
summaries and the data on the blood counts were taken fiom the lecords 
of the lespective hospitals oi attending physicians and aie presented in 
chronological oidei The diagnoses given aie those of the attending 
lihysicians Foui of the patients (cases 1 to 4) were tieated with mate- 
rial prepaied in this laboiatory, subsequent patients leceived a concen- 
trate prepared jiy essentially the same method in the phaimaceutic 
department of Armoui & Co 

Cask 1 — Mrs H V (a patient of Dr E kf Poser, Columbus, Wis) was 
first seen on Maich 10, 1934 She complained of pam m the cervical, dorsal, 
lumbar and sacro-iliac regions, with accompanying difficulty m walking Physical 
examination revealed no abnormality except pam and lessened mobility of the 
spine and in the sacro-iliac region 

The patient was given liver extract with iron orally until her return on 
Maich 14 A blood count at that time showed hemoglobin, 80 pei cent, led 
blood cells, 4,800,000, and leukocytes, 2,600, with 27 per cent granulocytes Treat- 
ment with yellow bone marrow concentrate was begun immediately — 20 diops was 
given three times the first day, 10 drops, three times the second day, and 5 drops, 
three times a day, thereafter The next count (March 23) showed hemoglobin, 
80 per cent, led blood cells, 5,000,000, and leukocytes, 5,400, with 35 per cent 
granulocytes The succeeding count, details of which are not available, was within 
the normal lange Clinical improvement followed immediately the restoration 
of a normal blood picture, and the patient was relieved of the arthritic condition 
She remained in good health until her death from pneumonia two years latei 

The diagnosis was chronic arthritis with leukopenia 

Cask 2 — Miss E D (a patient of Dr M Simkin) w'as an office W'orkei 
aged 34 She noticed pain and numbness about the gums and tongue on April 28, 
1934 On the twm following days the pain increased, the temperatuie rose to 
101 F and w'as accompanied with malaise, nausea and vomiting and she w'as obliged 
to leave her wmik When seen by her physician on May 1 she complained of 
severe pain in the mouth, general malaise and aching, lack of appetite and rest- 
lessness 

She had anemia m about 1922 and m 1930 and an infection of the uppei 
respiratoiy tract, accompanied with loss of weight, an afternoon rise of tem- 
perature, diminished breathing and dulness over the bases of both lungs, with 
subcrepitant rales Neither examinaton of sputum noi roentgenograms definitely 
established a diagnosis of tuberculosis Four montbs’ rest resulted m complete 
recovery and a gam m w^eight The tonsils were removed m 1931 Twm years 
latei, purpuric spots and ecchymoses developed A blood count show'ed hemo- 
globin, 70 per cent, erythrocytes, 4,000,000, leukocytes, 9,000, and platelets, 
100,000 The s 3 mptoms abated wnth liver therapv, but she continued to have 
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occasional purpuiic spots In June 1933 she had abdominal pain, with dlbuininuria, 
but recovered after a week’s rest in bed Hei symptoms had been present for three 
days and were increasing in scveiit}' She had not taken aminopyiine 

Physical examination revealed no abnoimality except swollen and spongy gums 
and bleeding ulceiations undei tlie uppei incisors and over the lingual aspect of 
the left molars The temperature was 101 5 F and the pulse rate 100 

Local treatment was instituted She felt somewhat bettei the following day 
but was weak and languid The temperature was 100 5 F , and a blood count 
showed 4,000 leukocytes, wdnch w'as thought to be a low' count, but not alarming 
The ulceration under the upper incisors had disappeared The next day (May 3) 
the pain in the ulceiation about the uppei molars on the left side was so seveie 
as to lequire morphine The iilcci had enlarged and deepened and w'as coveted 
wnth a w'hite membiane 

The blood count on the morning of Iilay 4 showed hemoglobin, 70 per cent, 
erythrocytes, 4,230,000, and leukocytes, 2,900, with 60 per cent lymphocytes ana 
38 per cent neutrophils She was hospitalized and given liver extract and pentnu- 
cleotide parenterally Ten cubic centimeters of pentnucleotide caused a severe 
leaction, and it was necessary to gi\c subsequent inycctions in divided doses Thiee 
cubic centimeteis of liver extract was given parenterally' e\eiy' second day and 
16 to 20 cc of pentnucleotide e\ciy' day 

Ihe patient’s condition changed little during the two follow'ing days, the 
leukocyte count reached its lowest level on klay 6 (1,500, with 36 per cent neutro- 
phils) Theie was little change on the sc\cnth day, blisters appealed on the lips 
on the eighth day and broke the following day, leaving painful induiatcd ulccis 
at their sites Treatment with extrahn was thereupon started 4 capsules 
being gnen three times a dai The patient felt definitely better on May 12, 
although the ulcers had not changed in appeal ance The blood count had 
impioced, showing 3,400 leukocytes, with 63 per cent neutrophils The tempera- 
ture still ranged from 99 to 100 F There was slow' clinical improccment during 
the following days On !Mav 16 there were 5,700 Icukocvtes, w'lth 76 pei cent 
neutrophils The use of li\er extiact was discontinued 

On kfay 20, with the leukocytes numbering 6,500, the ulccis in the mouth 
and on the lips showed definite e\idcnce of healing The patient sti enuously' 
objected to the injections of pentnucleotide, and the dose w'as i educed to 12 cc 
on Alay' 21 and to 8 cc on ^lay' 22, w'hcn the leukocyte count w'as 4,150, w'lth 
84 per cent neutrophils The ulcers w'crc then almost completely' healed Tieat- 
ment w'lth pentnucleotide and extralin w'as discontinued on May' 23 

The leukocyte count had fallen to 4,250 on klay' 24, and although the patient 
felt w'ell and had no fevei, the blood picture w'as not consideied satisfactory 
Tw'o 0 5 Gm entenc-coated capsules J- of the nonsaponifiable residue of yellow' 
bone marrow' were given and the dose was repeated the follow'ing day On klay 26 
as the leukocyte count lemamed at 4,250, she W'as given yellow' bone mairow' con- 
centrate (in oil), 105 drops pei day She w'as discharged fiom the hospital the 
following day, the count showing 4,500 leukocytes On Mav 28 (foi ty-eight houis 
after the start of treatment with y'ellow' bone mairow' concentiatc m oil) the 
leukocyte count was 7,500 The dose w'as reduced to 75 drops foi one dav and 
was then gradually reduced to 40 diops by June 23 

In order to test the potency of the concentrate, the medication w'as stopped 
fiom June 29 to July 5 The leukocyte counts were June 29, 6,000, July 2, 5,800, 

12 It W'as later learned that the capsules weie too heavily' coated and would 
not open in the gastro-intestinal tiact 
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and July 5, 4,000 Treatment with the concentrate (60 drops) was immediately 
resumed, and the next count (July 9) showed 7,500 leukocytes The yellow bone 
marrow concentrate was gradually withdrawn, and the blood count remained 
within normal limits 

In March 1937 the patient had a recurrence but was seen before the sublingual 
ulcer had extended far With the use of yellow bone marrow concentrate the 
leukocj'te count rose from 3,500 to 7,500 in less than seventy-two hours, and the 
angina was controlled 

The diagnosis was recurrent agranulocytic angina (table 1 and chart 1) 

Case 3 — Mrs L C , aged 56, a patient in the University of Chicago Clinics, 
entered the hospital on July 3, 1934, with pain in the lower part of the back and 
sciatica She had mastectomy for carcinoma of the left breast three years previ- 
ously She returned in May 1934, with a local recurrence, she was given local 
roentgen therapy and was discharged on June 6 The blood count on May 15 
showed hemoglobin, 80 per cent, erythrocytes, 5,200,000, and leukocytes, 7,400 
The present symptom dated from about that time 

Physical examination on July 3 revealed nothing significant except four oi 
five small metastases in the operative scar on the left side of the chest The blood 
count showed hemoglobin, 75 per cent, erythrocytes, 4,370,000, and leukocytes, 
4,050 

From July 3 to 9 a total of 2,150 roentgens was given over the left side of the 
chest and the lumbosacral region, codeine, phenobarbital and aminopynne (the 
average dose of the last was about 0 7 Gm per day) were given for sedation 
On July 9 the blood count showed 3,100 leukocytes, roentgen treatment was 
suspended Sedatives were given as before On July 13 the leukocyte count was 
2,600, with 74 per cent polymorphonuclears The leukocyte count fell to 1,900 
on July 15 

Treatment with 1,250 roentgens was given between July 17 and 20 On July 21 
the leukocyte count was 900, and on July 22, 850 She was given a transfusion 
of 500 cc of citrated blood Irradiation and treatment with aminopynne were 
discontinued, and on July 23 treatment was started with yellow bone marrow con- 
centrate, 35 drops three times a day The blood count on that day showed 
erythrocytes, 4,440,000, and leukocytes, 950, with 44 per cent polymorphonucleais, 
2 per cent eosinophils, 9 per cent basophils, 35 per cent Ivmphocytes and 10 pei 
cent monocytes 

The total leukocyte count rose to 1,800 on July 26 and to 1,700 on July 27, 
with little change in the differential picture except a rise in the monocyte count to 
20 per cent on July 26 On July 28 there was a sharp rise in the granulocyte 
count to 57 per cent of 1,900, the patient felt better The increase continued— 
July 30, 3,900 leukocytes, with 65 per cent neutrophils, July 31, 4,000 leukocvtes 
with 71 per cent neutrophils, August 1, 3,600 leukocytes, with 77 per cent neutio- 
phils She was discharged on August 2 for care at home The subsequent course 
IS not known, except that she died some time later 

The diagnosis was leukopenia associated with cai cinomatosis (table 2 and 
chart 2) 

Case 4 — Miss D S, an x-ray technician aged 24, was admitted to St Luke’s 
Hospital on Oct 23, 1934 She complained of sore throat of twenty-four hours’ 
duration and of increasing severity, malaise and chills She had had the disease 
of childhood with more than usual se\erity, repeated attacks of tonsillitis and 
dysmenorrhea for a long time She occasionallv took aminopvrine for the latter 
but was uncertain as to the amount She had recentlv taken time off from hei 
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work because of a "run-down and nervous” condition The basal metabolic rate 
about a week before her present disturbance was — 17, since then she had been 
taking th 3 'roid 

Physical examination revealed no abnormality except injection of the pharynx, 
cervical adenopath}^ and swelling of the right tonsillar area, suggestive of an 
abscess behind it The temperature was 103 6 F A blood count showed hemo- 
globin, 64 per cent, erythrocytes, 3,460,000, and leukocjdes, 1,000, wnth 1 per cent 
neutrophils 

A transfusion w'as given, and treatment wnth liver extract and pentnucleotide 
was begun She grew steadily worse, on the evening of October 25 the tempera- 
ture reached 105 6 F (rectal) The wdiite cell count on October 25 was 1,450 in 
the morning and 650 in the afternoon After a transfusion (10 p m) there were 
1 820 leukocytes Yellow' bone marrow concentrate was given, 5 cc for the initial 
dose at 11 p m , follow'ed bv 1 5 cc e\ery four hours The use of pentnucleotide and 
luer was discontinued On the following day her condition w'as essentially 
unchanged, she was irrational at times There was definite clinical improiement 
on October 27, w'lth the temperature 102 4 to 104 4 F, and the throat somewhat 
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less painful Tlie next daj showed continued clinical improvement, the tempera- 
ture approaching normal and the leukocj^te count being approximately doubled 
(3,800) The count rose rapidlj' — 6,400 on the morning of October 29, 7,200 m the 
afternoon, 9,850 (54 per cent neutrophils) on the morning of October 30 and 11,250 
m the afternoon A small ulcerated area developed near the light tonsil, and 
later a small ulcer appeared under the tongue Pus was diainmg from around the 
upper pole of the right tonsil The throat remained painful until November 6, 
nhen a localized abscess on the right side of the neck was opened and drained 
The white cell count was about 15,000 

After drainage of the abscess the patient improved rapidly Treatment with 
V ellow' bone marrow concentrate, the dose having been reduced to 0 5 cc evei v 
four hours, was discontinued on November 9 (the eighteenth dav ) Bj November 
13 the mouth and throat looked normal, and the neck was healed The white cell 
count varied between 9 000 and 15,000, with about 45 per cent neutrophils (mostlv 
polvniorphonuclears), until her discharge on Novembei 16 The final diagnosis 
was agranulocv tosis (table 3 and chart 3) 

CvsF 5 — “k single woman (a patient of Dr E kf Birchvvood), an office 
worker aged 38, came to the office on Alav 14, 1935, with a complaint of fatigue, 
sleeplessness and poor appetite She was unable to do the work she had previouslv 
been doing She had been vvorrvmg over illness and death m her famib Theie 
was nothing significant m hei past historv , her general health had been good 
except for headaches since an infection of the upper respiratoij tiact m Januaiv 
1935 There appears no statement m regard to the use of ammopv rine 

Physical examination revealed onlv a mildlj inflamed mouth and phaijnx and 
a coated tongue The laboratorv findings were normal except that the blood 
count showed hemoglobin, 80 per cent, erv throev tes, 4,140,000 and leukoevtes, 
2,800, with 62 per cent polvniorphonuclears 

She was asked to return m a week, to allow for completion of laboratorv tests 
On Mav 21 the white cell count was unchanged — 2,900, with 68 per cent polv- 
morphonuclears Treatment with vellovv bone marrow concentiate was staited, 
1 cc three tunes a day, and she was told to lest m bed When seen one week 
later she said she felt much better and was out of bed The leukoc 3 te count vv'as 
3.600, w ith 67 per cent polv morphonuclears The dose of yellow bone marrow con- 
centrate was increased to 5 cc three tunes a dav for one dav and then was 5 cc 
dailv 

When seen on June 4 the patient said she felt well but was somewhat weak 
A blood count revealed 7,225 leukoev'tes, with 72 per cent polymorphonuclears 
She returned to work, on June 11 the blood showed 7,600 leukoc 3 'tes and a noimal 
differential picture When seen again on Tune 18 she felt well As the white 
cell count was normal (8,200), the use of 3 'ellovv bone marrow concentrate was 
discontinued The further progress was uneventful, the count lemamed normal 

The diagnosis was chronic leukopenia (table 4 and chart 4) 

Case 6 — Mrs H F, a housewife aged 31 (a patient of Dr D E Markson), 
was admitted to the Norvvegian-American Hospital on Tune 14, 1935, with com- 
plaints of malaise, fever and sore throat She had been well until the past month 
About Ma 3 '- 15 she had a tonsil lectom 3 on Ma 3 ’’ 22 an abscessed upper molar 
was extracted About June 1 she had sore gums, a temperature of 101 to 103 F, 
headache and malaise She was given four injections of neoarsphenamme, but 
the lesions were not improv^ed b 3 ^ this or b 3 ' mouth w'^ashes Several pieces of 
tissue were removed from the floor of the mouth a few days before she entered 
the hospital No statement appears regarding the use of ammopyrme 
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Physical examination revealed an ulcerated area on the left side of the mouth 
and under the tongue co\eied with ncciotic tissue The gingival margins w'cre 
red, the throat w-as slightly reddened and the tcrnperatuic w'as 101 S F Other 
physical findings were normal The blood count showed hemoglobin, S5 per cent, 
erythrocytes, 3,860,000, and leukocytes, 2,850 and 3,250, respcctn ely^, on tw'O 
occasions, with over 90 per cent Ivmphocyles 

The patient wras given pentnucleotide, 10 cc tw'icc a day, beginning on June IS, 
but had moderate to severe reactions to the injections, and she protested at the 
treatment The leukocyte count rose on June 18 to 20 to about 6,000, wuth 23 per 
cent granulocytes, but fell again on the tivo following days I he oral lesions 

w'ere extending, and the clinical picture w'as essentially unchanged On June 21 
the white cell count was 5,100, with 15 per cent polymoiphonuclears Tieatment 
w'lth pentnucleotide w'as discontinued, and yellow bone mairow concentrate w'as 
given, beginning with S cc at 6 p m On the following day the tempeiature 
tell below 100 F for the first time, and the granulocyte count rose to SO pei cent 
On June 23 (forty hours after treatment with yellow bone marrow concentrate 
was begun) the leukocyte count was 6,600, with 59 per cent neuhopMs The 
general condition was improved Twenty-four hours later theie were 14,650 leuko- 
^tes, with 50 per cent polymoiphonuclears, and the tempeiature was normal 
he ulcer m the floor of the mouth, w'hich had extended to the gum between 
the lower incisors on the left, began to show resolution A slough was forming 
on the left side of the upper gingival margin where the tooth w'as extracted The 
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dose of yellow bone marrow concentrate was changed to 4 cc three times a day 
The leukocyte count continued at a high level (14,000 to 18,000) until June 28, 
when it was 10,050, with 61 per cent polymorphonucleai s The temperature was 
normal, the clinical condition was good and the infection in the mouth was 
definitel}^ arrested The gums were pink 

On July 2 necrotic tissue had come away, revealing the great depth of the 
ulcer, the posterior aspects of the roots of the incisors were visible almost to 
their tips The patient’s condition was steadily improving The dose of jellow 
bone marrow concentrate was reduced to 1 cc twice a day for two days and was 
then discontinued The patient returned to her home on July 5 The blood pictuie 
since then has been normal, and the oral lesions are entirely healed 
The diagnosis was agranulocytosis (table 5 and chart 5) 

Case 7 — Mrs E S, a housewife aged 32 ( a patient of Dr T E Walsh), 
was admitted to the Billings Hospital, Universitv of Chicago Clinics, on April 3, 
1936, complaining of sore throat, fever, bleeding from the mouth, deafness and 
diarrhea She had had the sore throat foi two weeks .md had been given amino- 
pyrine and allonal (allylisopropylbarbituric acid with aminopyrine) by another 
physician The deafness, bleeding and diarrhea were of a few days’ duration She 
had had no other illness 
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Physical examination levealed ulceiation and bleeding in the gingivolabial fold 
on both sides of the upper jaw The tonsils were swollen and ulcerated and the 
left one was bleeding the odor was foul The posterior wall of the pharynx 
was coveied with a blood clot The patient could not hear the spoken voice 
The tempeiatuie was 105 F A blood count showed er 3 dhiocytes, 3,200,000, and 
leukocytes, 800 to 1,000, no granulocytes weie seen 

The patient was given a transfusion of 550 cc of citrated blood, and treatment 
with yellow bone mariow concentrate was begun, with 5 cc eveiy foui hours 
for twenty-foui hours then 5 cc foiii times a day Pentnucleotide also was given 
20 cc twice a day Theie was little change on the following day, but on Apiil 5 
the leukocyte count rose from 1,600 at 10 a m to 4,800 at 10 p m , with many 
immature gi anulocj'tes A transfusion of 550 cc of citrated blood at 8 p m may 
have contributed slightly to this rise The patient seemed somewhat bettei clini- 
cally On Apiil 6 the blood pictuie was much unproved 9,700 leukocytes at 
10 30 a 111 , with 85 per cent neutrophils, mostly immature, 11,400 at 5 p m, 
w'lth 79 per cent neutiophils, of which 58 per cent w'eie polymoi phonucleais The 
dose of j'ellow' bone marrow' was reduced to 2 cc four times a daj', and the dose 
of pentnucleotide was reduced to 10 cc twice a dav (omitted on April 8) 

By April 7 the count had risen to 19,400, w’lth 79 per cent neutrophils Bleed- 
ing had stopped, even on removal of necrotic sloughs The left side of the superior 
maxilla w'as denuded and show’ed some neciosis The geneial condition w'as 
definitely better, the temperature appioachmg normal Tieatment w'lth pentnucleo- 
tide W'as discontinued on Apiil 11 By April 12 the leukocyte count w'as 30,000, 
W'lth 88 per cent neutrophils, and the tempeiatuie w'as noimal The patient felt 
much better and could heai the spoken voice The use of yellow' bone marrow' 
concentrate was discontinued on Apiil 14 The leukocjte count fell to 18,100 on 
April 15 

The geneial condition improved steadil}, and the patient w'as discharged on 
Apiil 25 On Alay 28, when two molais and a secpiestrum w'eie iemo\ed fiom 
the left side of the upper jaw', the leukocjte count w'as 9,000, with 57 pel cent 
polj'inoi phonuclears 

The diagnosis w'as agranulocytic angina (table 6 and chart 6) 

Case 8 — A w'oman office w'orker aged 29 (a patient of Dr E R Stoehi) com- 
plained on April 20, 1936, of w'eakness, susceptibility to fatigue, a noticeable lack 
of vigoi and also a se\ere local and systemic reaction to smallpox vaccination 
(given April 10) She had been ill for six months w'lth a condition chai actei ired 
by deficiency of the leukocytes six years previously This w'as said to follow' 
obstinate ulcerations resulting from superficial injuries The patient had peiiods 
of extreme nervous irritaliilitj', periodic migraine and occasional insomnia No 
statement appears regarding the use of aminop 3 'rme 

Physical examination show'ed that the tonsils were red and partly corered W'lth 
a giay deposit There was slight ceivical adenopathy, and the splenic aiea W’as 
slightly tender The blood count show'ed er 3 'throc 3 'tes, 4,750,000, and leukoc 3 'tes, 
3,650, W'lth 10 per cent lymphocytes, 9 per cent monocytes, 4 pei cent band cells 
and 77 per cent mature neutrophils 

The patient leturned the following day (Apiil 21), and the leukoc 3 'te count was 
3,300, with 63 per cent neutrophils Yellow' bone mairow concentrate w'as given 
in 2 5 cc doses at four hour intervals for foui doses The leukocyte count on the 
morning of April 22 was 4,800, with 67 per cent neutrophils and 20 pei cent 
monocytes Three 2 5 cc doses of 3 'ellow bone mairow' concentrate w'eie given 
At 6 30 p m she had an attack of cyanosis, which w'as lelieved by dextrose and 
insulin At 11 p m there weie 7,300 leukoc 3 'tes 



Tabi f 6 E S , Patient of Di T E Walsh, Umvasity of Chicago Climes 
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On April 23 the leukocjte count reached its maximum, 11,400, with 76 per cent 
segmented neutrophils This was an increase of over 200 per cent in the fortv-four 
hours since the administration of the initial dose of yellow bone marrow concen- 
trate The subsequent course was uneventful Yellow bone marrow concentrate 
was given m doses up to 24 drops daily and finally was discontinued 
The diagnosis was leukopenia (table 7 and chart 7) 

Case 9 — Miss P M , aged 37 (a patient of Drs P E Hopkins and W W 
Sittler), was admitted to the Evangelical Hospital on June 26, 1936, because of 
sore throat, malaise and fever She had been in good health until Mav 1, when 
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sore throat and mild fever developed This condition persisted for about three 
weeks On June 22 she again had a sore throat, with a chill and general aching 
By June 25 both tonsils were red, with necrotic spots, there were necrotic spots 
on the gums also 

Physical examination revealed nothing abnoimal outside the mouth and throat 
“Necrotic areas were noted m the crypts of both tonsils, and a white thin mem- 

Tabic 7 — Patient of Dt E R Stochi 
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brane was noted over the anterior right pillar and on the left posterior phaiyngeal 
wall There was an inflammatory area about the membrane extending over the 
anterior pillars and the uvula Small necrotic areas also appeared m the gingival 
margins of several teeth ” The submaxillary lymph nodes were moderateh 
enlarged The blood count at the time of entr}- was not significant — erythrocytes, 
3,760,000, hemoglobin, 75 per cent, and leukocytes, 6,150 No differential count 
w'as made • 

Treatment w’as largely palliative for the first two days , 60 cc of nonspecific 
human serum, 10 grains (0 65 Gm ) of aminopyrine and 2 cc of liver extract 
parenterally were given in addition The lesions were somewdiat improved on the 
second day, but the leukocyte count had fallen to 1,300, with 98 per cent lympo- 
cytes On June 28 the leukocyte count was 1,100, the patient was weak and the 
lesions had spread to the uvula Pentnucleotide was given, 10 cc twice a day 
On the fourth day (June 29) the leukocyte count had dropped to 650, with 1 per 
cent band cells and 99 per cent lymphocytes The uvula was swollen to twice its 
normal size and was covered with membrane, the tonsils were very red and parth 
covered with membrane The temperature was 1018 F Yellow bone marrow 
concentrate was ordered, 5 cc every four hours for twenty-four hours and then 
2 cc four times a day 




Table S—P M , Patient of Dis P E IIopLun and Jl' IV Sittlci, Evangelical 
Hospital of Chicago 
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On June 30 the white cell count in the morning was 2,450, with 24 per cent 
neutrophils, and had risen by evening to 2,650, with 33 per cent neutrophils, mostly 
segmented The condition of the throat was greatly improved, much of the mem- 
brane having disappeared The temperature fell below 100 F , the general condition 



T^ble 9—M f , Patient in Chicago Lying-In Hospital 
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was better The clincal and lieinatologic pictures continued to impro\e The dose 
of pentnucleotide was reduced to 10 cc daih on Tuh 2 There was an abrupt 
increase in the absolute liniphocite count on Juli 4, but tins was followed shorth 
afterward b^ a corresponding rise in the granulocite count 

On Jul\ 9 the leukocyte count reached 10,600, with 61 per cent neutrophils 
Treatment with jellow bone marrow concentrate and pentnucleotide was discon- 
tinued There was an abrupt fall m the total leukocite and granulocjte counts — 
7 200 leukocites, with 38 per cent neutrophils on Juh 11 Yellow bone marrow 
concentrate was gnen 5 cc daiK on Juh 11 and 12 The neutrophil 
count rose imniediateh to 58 to 60 per cent With the use of bone marrow con- 
centrate again discontinued, the neutrophil count again fell below 50 per cent The 
blood picture returned to normal shorth, and the patient was discharged in good 
condition on Juh 18 The subsequent course w'as une\entful 
The diagnosis was agranulocj tic angina (table 8 and chart 8) 

C^SE 10 — Mrs J, aged 41, had attended the outpatient clinic of the 

Chicago Liiiig-In Hospital She was admitted to the hospital on Sept 14 1936 
with acute tonsillitis and pharyngitis and a temperature of 104 F 

In tlie past she had had an appendectomy excision of the left o\ar\, gastric 
ulcer and gonorrhea She had had dysmenorrhea, menorrhagia and probabh 
chronic peh ic inflammation for a long time She w as seen m the outpatient 
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department on September 11 because of vaginal bleeding of ten days’ duration 
She had been taking a proprietary preparation containing aminopyrine for men- 
strual pain The blood picture at that visit showed cell volume, 41 per cent, 
hemoglobin, 14 8 Gm , and leukocytes, 4,800 

Physical examination revealed pronounced dark redness of the lateral phar>n- 
geal walls and tonsillar pillars, but no ulceration or membrane When examined 
three da 3 's previously the throat had been normal Other findings were normal 
except for the gynecologic conditions, which probably were not connected with 
the present illness 

On September 14, the day of entry, the leukocyte count was 2,400 at 5 p ni 
and 925 at 10 p m Treatment with yellow bone marrow concentrate was started 
immediately, 5 cc every four hours No other hematopoietic stimulant was given 
The till oat showed little change on the following day, there were small necrotic 
patches on each tonsil In the morning the leukocjhe count was 1,000, with 
90 per cent lymphocytes, 7 per cent monocytes and 3 per cent polymorphonuclear 
neutrophils By evening there were 3,300 leukocytes, with little change in the 
differential picture On September 16 the patient was improved , the throat looked 
and felt better and the temperature was falling The neutrophil count had increased 
to 19 per cent of 2,900 leukocytes 

There was marked improvement on September 17, in the morning the blood 
count showed 3,700 leukocytes, with S per cent myelocytes, 5 5 per cent meta- 
myelocytes, 14 5 per cent band cells and 17 per cent segmented neutrophils In 
the evening the leukocyte count was 5,800, with 33 5 per cent neutrophils The 
temperature was normal The clinical and blood pictures continued to improve 
The dose of yellow bone marrow concentrate was reduced to 5 cc three times a 
day on September 19 On September 21 the leukocyte count reached its maximum 
— 11,500, with 65 per cent neutrophils, of which 52 per cent were segmented, 
12 per cent were band cells and 1 per cent were myelocytes and metamyelocytes 
The patient was discharged in good condition on September 23 Subsequent 
counts on October 1 and November 21 were within normal limits 
The diagnosis was agranulocytic angina (table 9 and chart 9) 

COMMENT 

Yellow bone inaiiow concentiate was used without success in seven 
cases of leukopenia, not tiue agranulocytosis One patient, a woman 
aged 76 with diabetes of five years’ standing, was tieated at the Univei- 
sity of Chicago Clinics for agianulocytosis (without angina) and 
abdominal pain She was given yellow bone mairow concentrate and 
theie was some evidence of myeloid activity aftei sixty hours but she 
died on the sixth day of hospitalization without significant improvement 
in the blood pictuie At autopsy the appendix showed neciotic ulcers, 
with serofibrinous peiiappendicitis and mononucleai cell infiltiations 
w itliout polymorphonuclear response 

In three of these cases the diagnosis was aplastic anemia Death 
occurred in the case of a man aged 65 and that of a 5 year old giil, in 
her case the etiologic factor being obscure In the third patient, a woman 
ot 35, the condition developed after antisyphihtic treatment, but she 
ultimately recovered In none of these thi ee cases was there evidence of 
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hematopoiesis as a lesult of treatment with )ello\\ bone marlo^\ In the 
other three cases, m nhich the tentative diagnosis was leukemia, there 
\\as no response to the admimstiation of the concentrate 

In cases of acute agranuloc 3 'tic angina (malignant neutiopenia) the 
condition of the patient is often so ciitical that an} oi every hopeful 
theiap} IS started, e g blood transfusion and the use of sodium pent- 
nucleotide Iner extract and noimal oi immune seiums Transfusion 
has been considered to be of tiansitoiy Aalue. if any Jackson and 
Parker reported beneficial results after the paienteial admimstiation 
of sodium pentnucleotide and obsened that the response of the white 
blood cells follows foui to six days after the beginning of tieatment 
Lner extract is fiequentl) gnen, but aside fiom its bolsteiing effect on 
er} thropoiesis it is of doubtful \ahie’'' Consequenth foi oui six 
patients with acute agranulocytosis, yellow bone maiiow concentrate 
was used as tbe sole granuloc} topoietic medication m one case and 
coincident!} with pentnucleotide in two cases In thiee cases tieatment 
with pentnucleotide was discontinued and }elIow bone marrow concen- 
tiate w’as gnen after two to sixteen days 

Suwwojy of the Data — Ca<5e 1 The leukocyte count inoie than 
doubled m nine da}s while the patient was gnen }ellow bone mairow 
concenti ate 

Case 2 This patient with acute agianuloc} tic angina did not show a 
definite increase m the total leukoc}te and gianulai leukoc}te counts 
until eight days after treatment with pentnucleotide was begun Aftei 
the initial rise the total white cell count was not maintained abo^e 5,000 
Clinical reco^ery was slow , about sixteen da}s elapsed before there was 
definite resolution of the ulcers as compaied with the lapid ieco\eiy in 
the cases in which yellow bone mairow concenti ate was gnen In this 
case the leukoc}de count rose from 4 250 to 7,500 fort} -eight houis aftei 
the use ot }ellow bone marrow concenti ate was begun The le\el was 
maintained at 6 000 for four weeks Se\en da}s after the concentrate 
was withdrawn the count had fallen to 4,000 but seventy-two houis 
alter the leadmini strati on of yellow bone inariow^ concentrate it lose 
again to 7 500 These tw o responses to inai row^ therapy togethei w ith 
the patient’s immediate recoveiy fiom an attack m 1937, point to actne 
stimulation of the hematopoietic system by the unsapomfiable lesidue 

Case 3 This patient showed a fourfold increase in the leukoc}te 
count during eight da}s of treatment with yellow^ bone marrow' concen- 
trate The differential picture changed from 44 to 71 pei cent neutio- 

13 Tackson, H and Parker, F Agranulocytosis Its Etlolog^' and Treat- 
ment, New England J Aled 212 137 (Jan 24) 1935 

14 Reich, C, and Reich, E Further Studies in the Treatment of Agranulo- 
c\ tosis, J Lab & Chn ^^led 22 503 (Feb ) 1937 
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phils It would be difficult to inteipret this as a i espouse to tlie 
discontinuation of loentgen treatment, since in the eight day peiiod fiom 
July 9 to 17 when loentgen therapy was not given theie was no evidence 
of hematologic recovery 

Case 4 Pentnucleotide and liver extract were used foi tvo da}s 
without apparent benefit, fort 3 '-eight hours aftei then use ^\as discon- 
tinued and bone marrow therapy was instituted theie was an abrupt and 
sustained rise in the leukocyte count, followed by clinical recoveiy of the 
patient In this patient, as m the others with a febrile condition, the 
tempeiatuie appioached normal as the leukocyte count lose to or abo^e 
a normal level 

Case 5 This patient w'lth chronic leukopenia gave a definite 
1 espouse (100 per cent increase) when the dose of 3 fellow bone maiiow 
concentrate w^as increased from 1 cc three times a day to 5 cc tliiee 
times a day and then was reduced to 5 cc daily Hei condition aftei 
three w^eeks of treatment was improved to the point that the blood count 
w'as normal and she returned to work 

Case 6 Seven days of tieatment with pentnucleotide pioduced no 
clinical improvement, the rise in the leukocyte count on the fifth to 
seventh days was not sustained on the eighth and ninth Pentnucleotide 
therapy was discontinued and yellow bone maiiow' w^as given, foity 
hours latei the leukocyte count w^as 6,600, with 53 per cent neutrophils 
The patient’s reactions to the parenteral administration of pentnucleotide 
weie so seveie that she w'as at the point of refusing further injections 
The prolonged period of granulocytopenia (June 14 to 21) during tieat- 
ment with pentnucleotide evidently pei nutted the extension of the 
ulcerated aieas, wdnch later became necrotic 

Case 7 Both yellow' bone manow and pentnucleotide weie given 
fiom the first day of hospitalization Here again the leukocyte i espouse 
in foity-eight horns W'as marked and sustained, in contiast wuth the foui 
to SIX da) response to pentnucleotide wdien given alone 

Case 8 In this case, as in case 5, the differential count w'as noimal 
but there was an absolute depiession of all leukocytic elements The 
white cell count rose from 3 300 to 11 400 in forty-four hours 

Case 9 Tw'enty-four hours after the initial dose of yellow' bone 
mairow concentrate the leukocyte count had risen fiom 650 to 2,650, 
as this w'as onl}' forty-eight hours after the beginning of pentnucleotide 
treatment it seems permissible to ascribe the response to the yellow' hone 
marrow theiapy Of special interest is the decrease in the granulocyte 
count after the discontinuance of treatment w'lth pentnucleotide and 
yellow bone mairow concentiate on Juh 9 with the inciease in the 
granuloc}te count when hone mairow concentiate was given again two 
days latei (chait 8) 
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Case 10 This patient received yellow l)one manow concentrate 
only The leukocyte response came twenty-foui to thiity-six hours 
alter the begimung of tieatinent, clinical impiovement was evidenced by 
the following day, and the patient made an uneventful lecovery 

SUMMARV AND CONCLLSIONS 

Four patients with leukopenia and six uith agianulocytic angina 
(malignant neutiopenia),^"’ all women, weie treated with yellow bone 
mairou concentrate pei os, all lecoveied Those with acute leukopenia 
showed clinical and hematologic improvement at the end of foitv to 
forty-eight hours as a rule The initial rise continued to the level which 
might be expected from the nature of the local lesions, and in no case 
uas there a recurience of the depression of the blood cells or clinical 
symptoms during the period of treatment Although it was not always 
possible to use the yellou bone manow concentrate alone, the evidence 
indicates that it has granulocytopoietic activity sufficient to bi mg about a 
noimal blood picture when used in cases of agranulocytic angina and of 
some other leukopenias Whether used alone oi jointly wuth othei medi- 
cation It usually causes a lesponse m forty to forty-eight hours, the 
interval w'hen sodium pentnucleotide is used is stated to be four to six 
days The case of agranulocytosis in wdiich theie w^as no response to 
therapy with yellow bone marrow' w'as of such a nature (age and compli- 
cations) as not to invalidate our otliei findings 

From these clinical tests it is concluded that the yellow' bone marrow 
concentrate contains a substance or substances W'hich act to stimulate the 
maturation or liberation of leukocytes of the granulocyte series Clinical 
recovery in cases of leukopenia or agranulocytic angina coincides w'lth 
or follows immediately after the restoration of a blood picture consistent 
with the severity of the local lesions These results confirm the funda- 
mental clinical observations of Dr Watkins made on patients treated 
W'lth w'hole yellow bone marrow' They establish the activity of a con- 
centrate devoid of the bulky inert neutral fats which make w'hole bone 
marrow' unpleasant for clinical use 

Armour & Co gave the fellowship which made this work possible and supplied 
some of the materials used A number of physicians cooperated by affording us 
the opportunity to make clinical tests 

15 Since this paper w'as written another patient with agranulocj'tic angina 
(following the use of ammopynne), a man of 41, has been treated with yellow 
bone marrow concentrate and pentnucleotide, with hematologic recovery 
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1 (a) Rose, W C The Metabolism of Creatine and Creatinine, in Luck, J 

M Annual Review of Biochemistry^ Stanford University, Calif, Stanford Uni- 
versity Press, 1933, vol 2, p 187 (6) An important paper bearing on the role of 

phosphocreatine in the activity of the heart ( Burns, W , and Cruickshank, E W 
H Changes in Creatine, Phosphagen and Adenylpyrophosphate in Relation to 
the Gaseous Metabolism of the Heart, J Physiol 91 314 [Dec 14] 1937) appeared 
while the proof on the present article was being read Burns and Cruickshank 
investigated the relation between phosphagen (phosphocreatine) and adenylpyro- 
phosphate in the mammalian heart and found that in the excised heart of the cat 
arrested in certain stages of asphyxia loss of phosphagen preceded that of adenyl- 
pyrophosphate and in complete asphyxia the loss was approximately 80 and 60 
per cent, respectively, for phosphagen and adenylpyrophosphate Similar results 
were obtained with the dog’s heart Fatigue in the presence of oxvgen, on the 
other hand, produced no great loss of phosphagen, although the loss of adenyl- 
pymophosphate was considerably more than that of phosphagen, the loss in the 
ventricle being 25 per cent for phosphagen and 50 per cent for adenylpyrophosphate 

2 Needham, D M The Biochemistry of Muscle, London, Methuen &. Co , 
Ltd , 1932 

3 Fiske, C H , and Subbarow, Y Phosphocreatine, J Biol Chem 81 629, 

1929 
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Vaiious but unfruitful attempts have been made to ascnbe to creatine 
functions othei than its lole m musculai conti action Since cieatine is 
Linnersalh piesent m high concenti ation m muscle of vertebiates, it 
is logical to assume that it is an impoitant constituent Its concenti ation 
apparent!) depends someuhat on the function and efficienc) of the 
muscle since ^ oluntar) muscle contains the highest and smooth muscle 
the lo^^est concenti ation and in ceitain species ^\hlte muscle contains 
more creatine than red muscle 

Although there aie mam leports on raiiations m the cieatme 
content of muscles of animals.'* a suipiisingly small numbei of obser- 
rations hare been lepoited on the creatine content of skeletal and caidiac 
muscles of the human subject 

The hist anahses of normal and pathologic human skeletal muscle 
weie made b\ Chisolm = m 1912 but m the light of more recent data 
his cieatine i allies Mere too Iom. presumabh because of the method 
used or possibly because of postmoitem factois One lear latei M)eis 
and Fine® leported thiee creatine anahses of human leg and abdominal 
muscles In 1914 Shafter ' found a someu hat decreased creatine 
content of muscle in 2 patients Mith diabetes and in 1 patient mIio died 
of exophthalmic goitei and in Mhom muscular efficienc) Nvas lowered 
Denis® 111 1916 confirmed and extended these findings by making 
determinations of the creatine content of the psoas muscles of 5 normal 
persons and 70 patients d) ing of acute and chi onic diseases She found 
that lor most patients dying of acute diseases the muscle gare normal 
figures foi creatine and that for others paiticularly those dying of 
septicemia, there Mas a marked reduction m the cieatine content For 
those patients mIio had been in a cachectic condition foi sereral Meeks 
or months before death and mIio Mere greatl) emaciated, the creatine 
content of the muscles Mas reduced both absolutely and lelatively, but 
for the others the creatine value Mas not decreased 

For 1 patient Muth generalized nnositis fibrosa a disease involving 
the muscular s) stem Bodansk) Sclnvab and Brindley ** reported a Iom 
creatine content, M'hich varied from 160 to 324 mg per hundred grams 

4 Hunter, A Creatine and Creatinine, New York, Longmans, Green & 
Compain, 1928 

5 Chisolm, R A The Creatine Content of Muscle m Malignant Disease and 
Other Pathological Conditions, Biochem T 6 243, 1912 

6 M^ers, \ C, and Fine, M S The Creatine Content of Muscle Under 

Normal Conditions Its Relation to the Urmarv Creatinine, J Biol Chem 14 9 
1913 ’ 

7 Shaffer, P A Observations on Creatine and Creatinine, J Biol Chem 
18 525, 1914 

S Denis, W Creatine m Human Muscle, J Biol Chem 26 379, 1916 

9 BodanskM, M , Schwab, E H, and Brindley, P Creatine Metabolism m 
a Case of Generalized kfjmsitis Fibrosa, J Biol Chem 85 307, 1929-1930 
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of muscle, m 9 difterent muscles The)^ found that in this disease there 
IS an inability to letam exogenous cieatine, and they suggested that the 
inflammation interfeies with the noimal storage of creatine Bodansky 
presented analyses of various muscles of 3 normal persons who had 
died as the lesiilt of accidents and showed that the cieatine concentration 
of the pectoralis majoi muscle, foi example, varied from 433 to 484 mg 
A seveie disturbance of creatine metabolism was observed by Stemitz 
and Steinfeld in a patient with dermatomyositis who was investigated 
foi a considerable period The individual muscles showed a loweied 
creatine content, which the authors claimed was referable to anatomic 
changes in the musculature 

The first figures on the cieatine content of human cardiac muscle 
were lepoited by Constabel,^- who gave a lange of 170 to 180 mg for 
noimal peisons and 70 to 188 mg for patients with pathologic condi- 
tions In Bodansky’s 3 normal persons the creatine concentration 
piesumably of the muscle of the left ventiicle, varied from 220 to 285 
mg In 1929 Vollmei found a concenti ation of 143 mg of creatine 
in the caidiac muscle of an old man who had fatty degenei ation of the 
heart Cowan reported a normal range, from 117 to 264 mg, of 
creatine (comparable creatine, based on an 80 per cent watei content) 
for the left ventiicle of 48 supposedly normal persons, the arithmetical 
mean being 194 ± 33 mg He stated that this group included persons 
who showed no clinical symptoms or marked gross or microscopic 
anatomic changes but that m many cases the heart could not be con- 
sideied perfectly normal fiom an anatomic point of view In 17 patients 
with heart failure he found the average creatine content of the left 
ventricle to be 144 mg , which was 50 mg (25 8 per cent lower) than that 
foi his gi oup of normal persons, but the cardiac creatine content of 6 of 
these patients fell within the noimal range The range for comparable 
creatine in his group of patients with miscellaneous disorders was from 
68 to 208 mg , with a mean of 165 d= 30 mg He found that septicemia 
did not 1 educe the creatine content, and the effect of hypertrophy was 
not definitely established, although there is a possibility that the hyper- 
trophied heart has a higher creatine content than the nonhypertrophied 

10 Bodanskjs M Creatine in Human Muscle, J Biol Chem 91 147, 1931 

11 Steinitz, H, and Steinfeld, F Untersuchungen zum Kreatmstoffwechsel 
bei Dermatomyositis, Ztschr f d ges exper Med 79 319, 1931 

12 Constabel, F Ueber den Kreatingehalt des menschlichen Herzmuskels bei 
verschiedenen Krankheitszustanden, Biochem Ztschr 122 152, 1921 

13 Vollmer, H Untersuchungen uber den Kreatm- und Phosphorsauregehalt 
verschiedener Herzteile, Ztschr f d ges exper Med 65 522, 1929 

14 Cowan, D W The Creatine Content of the Myocardium of Normal and 
Abnormal Human Hearts, Am Heart J 9 378, 1934 
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heart Recently, Henmann and his co-workers found that the cieatine 
content of the cardiac muscle varied from 85 to 132 mg , averaging 
111 mg, m 13 patients who died of congestive heait failure, from 110 
to 137 mg, avei aging 123 mg, in 10 patients with chronic syphilitic 
aortic disease, and from' 105 to 205 mg in 32 patients with miscellaneous 
disordeis Hermann Decherd and Oliver stated “The results of our 
studies, and those of others, convince us that low human myocaidial 
creatine values are more or less constant accompaniments of congestive 
iailure and must be among the significant chemical changes that are 
associated with myocardial damage and insufficiency Particularly sig- 
nificant aie the extremely low total creatine contents of the myocardium 
from the mfarcted areas in cases of coronary thrombosis ” Their 
observations coiioborate Cowan’s finding of a low cardiac cieatine con- 
tent for patients with congestive heait failure 

Still more lecently, and since our paper w^as completed and prepared 
for publication, Bodansky and Pilcher have reported obsei vations on 
310 human hearts (212 males and 88 females) For the males the 
a^elage creatine content of the muscle of the left ventricle w'as 157 mg 
and for the females 163 mg The geneial deductions wdnch they have 
drawn from their data are in harmony wuth our interpietations, although 
their a\erage findings aie considerably low'er than those leported by 
Cowman and by us It appears that their averages w^ere low^ei largely 
because of the fact that about 20 pei cent of their figuies weie low'ei 
than any figures w'e encountered m the present and also in a later sei les 
Bodansk}'’s earlier findings^® foi the normal myocaidium langed fiom 
220 to 285 mg 

Since dissociation of phosphocreatine lesults fiom slight injui} to 
tissue incident to the most careful lemoval from the body and since 
its splitting IS affected by pn changes,* occlusion of the ciiculation, 
electric tetanization, fatigue and lapid decomposition occurring aftei 
death, determinations of the phosphocreatine content aie impossible m 
human beings except in rare instances wdien biopsies or similar studies 
are made For this reason estimations of the creatine content w^eie 
made only foi caidiac and voluntary muscle in this senes 

15 Herrmann, G , Decherd, G M , and Schivab, E H Some Biochemical 
Factors of Heart Failure, South M J 29 386, 1936 Herrmann, G A Possible 
Biochemical Basis of Myocardial Failure, in Medical Papers Dedicated to Henry A 
Christian, Baltimore, Waverly Press, Inc, 1936, pp 17-32, Insuficiencia cardiaca 
en terminos bioquimicos, Arch latino am de cardiol y hemat 6 49, 1936 Her- 
mann, J , Decherd, G , and Oliver, T Creatine Changes in Heart Muscle Under 
Various Clinical Conditions, Am Heart J 12 689, 1936 

16 Bodansky, M , Pilcher, J F, and Duff, V B Clinical Significance of the 
Creatine Reserve of the Human Heart, Arch Int Med 59 232 (Feb ) 1937 



434 


4RCHIJ^ES OF INTERNAL MEDICINE 


Although voluntary^' and caidiac muscles aie distmctl} diflfeient m 
stiucture and function, the voluntaiy muscle of normal peisons has a 
relatively constant creatine content, the same is piobably tiue of caidiac 
muscle From this standpoint it is interesting to determine whether 
the ratio of cieatine in these t 3 'pes of muscle remains constant in vaiious 
disease conditions Therefore an attempt has been made in this papei 
(o) to compare variations m the creatine content of the heart with those 
of the pectorahs majoi muscle of patients d 3 ’'ing of various diseases and 
{h) to mterpiet, if possible, some of the high and low cieatine values 
found for cardiac and voluntar 3 ' muscles 

EXPERIMENTAL METHOD 

Estimation of Cieatine m Muscle — The method we employed for the estima- 
tion of the creatine content of muscle was described in a previous paper i® At the 
time it was stated to be a slight modification of the method of Rose, Helmer and 
Chanutin Although that statement is true, the method as modified differs little 
from the one introduced by Folin in 1914 Fohn pointed out at that time that 
It IS possible with the aid of an autoclave to hydrolyze the creatine of a small 
sample of muscle without extraction (The autoclave was first emplo 3 'ed to con- 
vert creatine to creatinine by one of us [V C M ] in 1907) Rose, Helmer and 
Chanutin reduced the amount of muscle tissue used in the Fohn method to about 
1 Gm and combined this wnth the Folin-Wu procedure for the estimation of 
creatine in blood Since w'e had difficulty in securing perfectly clear filtrates 
from cardiac muscle when tungstic acid w'as used as a clarifying agent, we 
emploj^ed tnnitroplienol for this purpose, as W'ell as for the development of the 
Jaffe color reaction In other w'ords, the protein precipitable with tnnitrophenol 
was filtered off before the development of color The method used was, with 
this slight modification, the method of Fohn, incorporating the refinements in 
technic introduced by Rose, Helmer and Chanutin 

STUDIES ON THE DOG 

In a pievious communication^® tve reported that the muscle of the 
left ventricle contains a highei creatine content than that of the right 
ventricle in the calf, the beef and the lamb as tvell as in human beings 
The findings for 33 dog hearts bear out the same obseivation The 
absolute creatine values for the left ventricle of the dogs langed from 
263 to 355 mg per hundred grams of muscle, averaging 314 mg , and 
for the right ventricle the creatine concentration varied from 248 to 333 
mg , averaging 291 mg The data are presented m table 1, arranged 
according to caidiac Aveight From an examination of the table it will 
be evident that there is no exact correlation with cardiac weight How - 
ever if the average for dogs 1 to 10 is compared with the average foi 

17 !M}"ers, V C Creatine and Creatinine, Yale J Biol &. liled 4 467, 1932 

18 Seecof, D P , Lmegar, C R , and Mvers, V C The Difference in Creatine 
Concentration of the Left and Right Ventricular Cardiac Muscles, Arch Int Iiled 
53 574 (April) 1934 
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dogs 24 to 33, It IS found that the laigci heaits had a cicatine concen- 
tration that was about 5 pei cent highci It will be noted that like the 
ox,^® the dog has about one-thud highei conccntiation of cieatine m 
the left ventricle than has the human being, namely, 314 mg , m com- 
parison with 208 mg (table 9) The peicentage of diffeience in the 
cieatme content of the lespective ventncles was calculated by dividing 
the absolute diffeience in milhgiams between the cieatme contents of 
the two ventricles by the conccntiation m the muscle of the left ventncle 

Iahii 1 — Cicalinc Content of Muscici of Left and Rujhi Vcntiiclc<! of Nonnal 
Doejs, Auanged Accotdnuj to Caidtac Wciqht 
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Ihe differences langed fiom 6 to 65 mg, oi fiom 2 6 to 18 9 jici cent 
with an average of 23 mg , oi 7 3 pci cent The finding of a highei 
creatine concenti ation in the left ventricle suppoits oui carliei obseiva- 
tions on the heaits of man and of the ox, although it must he noted that 
the difference between the ventncles of the dog is much smallci The 
aveiage difference for 95 human heaits was 284 pei cent and foi 6 
beef hearts 12 6 pei cent, in compai ison with 7 3 pei cent for the dog 
Compared with the human heart, this highei cieatme conccntiation in 
the heart of the dog, togethei with the smallei diffeience between the 
ventncles, is obviously a fact of considerable significance fiom the 
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standpoint of comparative physiology, which will not be discussed 
further at this time 

Pei fusion expeiiments on dog heaits m vivo showed that cieatine 
can be lemoved fiom caidiac muscle In these expeiiments a cannula 
pointing pel iphei ally was mseited into the descending branch of the 
left coronal y arteiy, the central end of the descending bianch being 
ligated The beating heart was then perfused thiough this cannula 
with aeiated Locke’s solution By this pioceduie practically the onl} 
pait perfused was the antei olatei al and apical portion of the left 
ventricle The lemammg pait of the left ventiicle and practically the 
entire right ventricle leceived a normal blood supply through the ciicuin- 
flex branch of the left and light coionaiy aiteries, respectively 

Area 1 m table 2 lefeis to the poition of the ventricle just peiipheial 
to the point of introduction of the cannula, wheie the pei fusion was 
greatest, area 2 refers to the apex of the left ventricle, wheie the 

Table 2 — Effect of Pa fusion of Left Coiouaiv Aiteiv on Cicatine Content of 

Caidtac Muscle m Dogs 
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pel fusion was less pronounced, and area 3 lefeis to the nonperfused 
01 least perfused section on the posteiior poition of the left ventiicle 
Consequently, as is shown m the table, cieatme values were i educed 
more for area 1 than for other paits of the ventiicle The light ventiicle 
was not pel fused and was therefore used as a contiol, because the left 
ventricle was found to have a highei cieatme content normally In 
each case the pei fusion was earned on until fibi illation began in the 
ventiicles This occuiied m one instance in ten minutes (dog 1) and 
111 another after as long as foui hours (dog 5) 

It IS obvious that even a shoit perfusion of ten minutes’ duiation 
lemoved some creatine, because the values foi the light ventricle weic 
found to be highei than those foi the left Theie was a marked i educ- 
tion m the creatine concenti ation of the perfused portion of the left 
ventiicle m the expeiiments (dogs 2 to 5) which weie continued foi 
fiom one hundred to two hundred and foity minutes before fibrillation 
ensued Perfusions of greatei duration, viz, two hundred and foity 
minutes, and with greater volumes of pei fusale did not lemove moie 
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cieatuie than those peifoimed in the one hundied minute peiiod, but 
this may have been due to bettei pei fusion in the latter experiments 
01 may have been incident to vaiiable degiees of phosphoci eatine dis- 
sociation 

STUDIES ON IIUM^N MATERIAL 

All the human material was olitained immediately aftei death, and 
no disci immation was used in its selection As a lesult, various types 
of conditions aie included in this senes, and only the 95 cases which 
were analyzed within twent} houis post moitem are included (with the 
exception of 1 case of lobai pneumonia [case 26], 1 each of acute and 
chionic infection, the cases of young patients and 4 cases of miscel- 
laneous conditions, these being analyzed within thirty-six hours) In 
each case the creatine content of both ventricles of the heait and in 
most cases of the pectoiahs majoi muscle was determined The 
Cl eatine concentration for both the caidiac and the voluntary muscle is 
expressed in milligrams per hundied giams of muscle 

In some of the cases to be piesented many difterent clinical and 
pathologic diagnoses weie made, so that it was difficult to segiegate 
the cases into groups entuely on the basis of one uncomplicated con- 
dition It was likewise difficult to sepaiate such a miscellaneous lot 
of cases into gioups in which the creatine content of eithei the cardiac 
01 the voluntary muscle or both underwent certain definite changes, 
because of the lack of knowledge legaiding all the functions and the 
oiigin of Cl eatine and the leason foi vaiiations m the concentration of 
this constituent in the muscles Fiom the data on muscle creatine in 
the literature ‘ it is appaient that (a) the creatine content of voluntaiy 
muscle may be reduced m musculai weakness, (&) it is primal il} 
inci eased dm mg fasting, aftei which it may deciease, (c) it is 
inci eased m othei conditions associated with loss of weight (such as 
phosphorus poisoning and expeiimental scurvy) and (d) it tends to 
be lowered m chronic diseases, but may oi may not be i educed m acute 
conditions (the value foi caidiac ci eatine”” is reduced m congestive 
heart failure) 

Grouping the cases on a somewhat similar basis seemed to be a 
logical procedure to follow Theiefoie, the following major gioupmgs 
of the cases m which the diagnoses were definitely established appealed 
to give the most logical piesentation of the data The lemamder of 
the cases which did not fall into one of these majoi classes weie placed 
m a gioup of miscellaneous cases, mainly because each diagnosis was 

19 Dr C J Wiggers turned over to us these 5 hearts aftei the perfusion 
experiments noted 

20 Linegar, C R , and Myers, V C Further Studies on the Creatine Content 
of Heart Muscle, Proc Soc Exper Biol & Med 32 1016, 1935 Cowan i-i 
Herrmann, Decherd and Schwab 
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complicated and the cause of death was questionable oi could not be 
attributed pnmaiily to one disease process or because the cases could 
not be placed in othei gioups 

Noiinal Values — ^At piesent it does not appeal that noiinal cieatine 
values have been established foi either the voluntaiy oi the caidiac 
muscle of the human subject, although Bodanskj'^'’ has leported 
analyses of various voluntaiy muscles of 3 subjects who died by 
accident His figures foi the pectoiahs majoi muscle, as aheady stated, 
vaiied fiom 433 to 484 mg pei hundred giams of muscle These 
figuies are consideiably higher than those hitheito lepoited, and until 
they aie confirmed by additional figuies it seems best to compaie oui 
figuies foi voluntaiy muscle with the aveiage for the piesent data and 
other unpublished analyses, naniel}^ about 400 mg The aveiage 
cieatme content of caidiac muscle in this senes was 208 mg foi the 
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left ventiicle and 

149 

mg foi 

the right 

On the 

basis of 

these and 


othei analyses, we have tentatively considered the noimal content of 
cieatme in the muscle of the left veiitiicle to be about 200 mg and that 
111 the light ventricle 150 mg 

Lobai Pneumonia — The values foi the cieatme content of caidiac 
and voluntary muscles m lobai pneumonia ai e given m table 3 Although 
these values aie close to those given by Bodansky foi 3 noimal peisons, 
It seems doubtful whether muscles of patients with lobai pneumonia 
can be considered noimal, because of tbe fevei and possible nitiogen 
letention One patient (case 45) foi whom the creatine content of the 
caidiac and voluntaiy muscles was in the highei lange foi this series 
showed no creatinine letention, and for the others deteimmations of the 
cieatmme content of the blood weie not made The solid contents of the 
caidiac and voluntaiy muscles in cases 45, 111 and 43 weie found to 
vary only slightly fiom the averages previously lepoited^® As will 
be noted, the creatine content of both the voluntaiy and the caidiac 
muscle was leasonably constant m these 5 cases of lobai pneumonia, but 
the values foi the left ventricle and Amluntary muscle weie consideiabl) 
above the aveiage values 
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In the gioup of patients with miscellaneous conditions, the data £oi 
which aie given in table 9, aie included 8 patients with bionchopneu- 
nionia and 3 with lobai pneumonia foi whom pneumonia was not con- 
sideied the majoi pathologic diagnosis The cieatme content of the 
muscle of the left ventiicle of the patients with bronchopneumonia 
langed fiom 219 to 259 mg , and averaged 238 mg , figures comparable 
with those for the patients with lobai pneumonia, given in table 3 
The findings for the 3 patients with lobai pneumonia, howevei, weie 
much lower than those given in table 3, nameh from 145 to 188 mg, 
with an average of 174 mg for the muscle of the left ventricle 

Cmdiac Decompensation — As may be observed in table 4. the crea- 
tine content of cardiac muscle is unifoimly lowered in heart failuie 


Tablc 4 — Cicatinc Content of Catdtac and Pcctoialis Majoi Muscle ni 
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In all these cases the diagnosis was made clinically as being primarily 
cardiac decompensation, although the first case is one of acute cii dila- 
tory collapse and secondary anemia following malaiia treatment foi 
tertiary syphilis and the creatine content of the muscle was similai to 
that m lobai pneumonia 

In 5 of the cases listed in table 4 the solid content was determined 
and found to be similar to that in cases of lobai pneumonia This 
confirms the woik of Cowan and Calhoun and his co-woikeis,"^ who 
found that the water content of caidiac muscle of subjects djing of 
heart failuie was not significantly altered, and eliminates variation in 
water content as a possible cause of the decreased cieatme content 
Cowan also stated that fibrous tissue contains less ci eatine than muscular 
tissue, but this factor was negligible in his senes of cases A studv 
of variations in the fibrous tissue of the decompensated heart was not 
made in this senes 

21 Calhoun, J A , Cullen, G E , Clarke, G , and Harrison, T R Studies in 
Congestive Heart Failure \''I The Effect of Overwork and Other Factors on the 
Potassium Content of Cardiac Muscle, J Chn Investigation 9 393, 1930 



440 


ARCHIVES OF INTERNAL MEDICINE 


The creatine content of voluntaiy muscle was decreased slight!}" in 
all except cases 86 and 103, and the diminution bore no relation to the 
variations in cardiac muscle 

Diabetes — For the 4 patients with diabetes, listed m table 5, the 
creatine content of the voluntary muscle was markedly reduced In 2 
of these cases the values foi cardiac cieatme were loweied as well, in 


Table 5 — Cicafiue Content of Caidtac and Pcctoiahs Majoi Muscle in Diabetes 





Creatine Content 



Creatine of 

Carbon 




r~ - 



^ 


Pectorahs 

DioMde 




Left 

Right 


Cardiac 

Major 

Capacitj 

Serial 

•Age, 


Ventricle, 

Ventricle, Difference, 

Weight, 

Muscle, 

of Blood, 

No 

Ir 

Se\ 

Mg 

Mg 

% 

Gm 

Mg 

Vol % 

99 

67 

F 

275 

152* 

44 7 

350 

308 


34 

5S 

F 

193 

15C 

20 0 

350 

324 

20 to 29 

29 

43 

F 

15S 

120 

24 1 

275 

282 

Jo 

31 

GS 

M 

152 

144t 

5 o 

500 

339 


Average 



195 

143 

26 7 


313 



* Slightls' fattj 
t Greatly hypertrophied 


1 case there was slight diminution and in the remaining case the 
cieatine value was even highei than the value in lobar pneumonia 
Again there was a lack of correlation between the variations in the 
creatine content of cardiac and voluntary muscle In cases 34 and 29 
the carbon dioxide capacity of the blood was fiom 20 to 29 and 15 
volumes per cent, respectively, indicating a markedly reduced alkali 
leserve 


T \.BLn 6 — Cicatine Content of Caidiac and Pcctoiahs Majot Muscle tn Catctnoina 
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* Osteosarcoma of right humerus The right pectorahs major muscle showed 87 mg of 
creatine, the left, 310 mg 


Coiciiwina — The cases listed in table 6 include those of carcinoma 
of the left lung, of the left cervical l}mph nodes and of the esophagus, 
osteosarcoma of the right humerus, carcinoma of the tail of the pancreas 
and annular carcinoma of the transverse colon, listed in the ordei 
given in the table In these cases there was a lowered creatine content 
of voluntary muscle and u ith the exception of the first case there was 
always a lowered creatine concentration in the cardiac muscle 
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Acute and Chiomc Infections — In comparison with the aveiage 
cieatine value, only 3 of the 15 patients with acute infection showed a 
loweied cieatine content of caidiac muscle, namely 2 with septicemia and 
1 with gangrene following prostatectomy, whereas 5 of the patients 
(encephalitis, encephalosis, meningitis, eiysipelas and peritonitis) 
showed an elevated value foi caidiac creatine The lest of the patients 
showed a noimal value for cardiac cieatine The cieatine content of the 
voluntary nuiscle was loweied foi 2 of 3 patients with septicemia, for 1 
patient ivith peiitonitis and foi both patients with meningitis, i e , in 5 of 
the 9 patients for whom estimations weie made 

Half the 14 patients wnth chronic infection or tuberculosis had a 
lowered and 5 had an inci eased value for caidiac cieatine, as compared 
with the average, wdiereas 5 of the 8 values foi the cieatine content of 
voluntary muscle ivere reduced 


Table 7 — Cieatine Content of Caidiac and Pccloiahs Majoi Muscle m Uiciina 
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* Blood obtained post mortem 


XJieima and Uiemia Plus Caidxac Decompensation — ^When all the 
values for blood creatinine were placed in tabular form m descending 
Older, it was found that neither the creatine content of voluntary nor 
that of cardiac muscle bore any relation to creatinine retention How- 
ever, by further analysis it was apparent that in most of the patients 
for whom the creatine content of the cardiac muscle was low, heart fail- 
ure was a complication On this account it seemed advantageous to 
rearrange the data on a different basis, with regard to uremia and 
uremia associated with heart failure 

In the patients with uremia plus heait failuie (listed in table 7) 
the cieatine content of the caidiac muscle bore no relation to the cre- 
atinine retention The first patient had acute heart failure due to coro- 
nary thrombosis, with no reduction in the creatine content of the cardiac 
muscle, but the remainder of the values for cardiac creatine were low, 
like those for patients with cardiac decompensation (table 4) Two of 
4 patients showed a low value for the creatine content of the voluntary 
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muscle The last 2 patients showed a maikecl i eduction m the caibon 
dioxide capacity of the blood 

On the othei hand, the patients with uieinia uncomplicated with 
heait failuie (listed m table 8) tended to show a high value foi cieatiiie 
m both caidiac and voluntary muscle, although theie did not appeal to 
be any i elation to cieatinine letention oi to the caibon dioxide capacity 
of the blood Unfoitunately, a deteimmation of the cieatinine content 
of the blood was not made m case 115, but the clinical and anatomic 
findings indicated seveie uiemia Theie appealed to be no othei 
explanation foi the high cieatme values m cases IS and possibly 115 
than that maiked letention of cieatine had a mass effect on the cieatme- 
cieatinine equilibiium 

Young Human Bang's — All the young human beings except the 
asph 3 'xiated new-boin infant died of acute infections Theie is essen- 
tially no dififeience in the cieatine content of the ventiiculai muscles 

T. ABLE 8 — Cieatine Content of Caidiac and Pcctoialii hlajoi Mwicle in Vienna 





Creatine Content 


Crciitlno of 


Carbon 




— 

.—A, 

— 


Pictonills 

Blood 

Dio\ldi 




left 

Right 


Cardiac 

Major 

Great 

Capaclli 

Sen 111 

Ue, 


Ventricle, 

Ventricle, DilTtrcnce, Weight, 

Muscle, 

iniiic. 

of Blood, 

No 

Yi 

So\ 

iMt 

Mg 

% 

Gin 

Mt, 

Mg 

Vol % 

IS 

00 

M 

309 

283 

23 3 

noo 

no 

21 1 

3b 

in 

CO 

F 

VS 

I)S 

VO 

ino 

rail 



10') 


M 

2'il 

QV) 

17 7 

300 

137 

3 1 


lilO 

17 

11 

219 

201 

18 1 

vr, 


17 b 

21 

121 

'3 

j\I 

21G 

190 

13 9 

300 

IS) 

3S 

17 

A% ernfec 



2S7 

210 

20 8 


7)01 



of the 

new- 

-boin, 

and foi 

all the othei 

patients. 

langing 

fi om 

1 month 


to 4 yeais of age, the cieatine content of the left ventiicle was highei 
than that of the light The value foi caidiac cieatine is low at biith 
and giadually inci eases to the value foi adults within the fiist ycai 
At the same time, the peiccntage of dififeience m the values foi cieatine 
m the two ventiicles giadually inci eases, showing that the cieatine con- 
tent of the left ventiicle inci eases moie lapidly than that of the light 
and that the augmentation of the cieatine concentiatioii in the light 
ventiicle is compai atively small Ihis fact may be con elated with the 
amount of woik the two ventiicles peifoim in the gi owing infant 
Foi some unexplained leason, one patient, a child of 3 months who 
died of lobai pneumonia, peitussis and vaiicclla, showed a cieatme 
value foi the left ventiicle which coiiesponded to an exticmely low 
value foi the light ventiicle Fuitheimoie, the iveight of the heait of 
this infant was about twice that of othei s at this age peiiod With 
omission of this case, it is also appaient that cieatme values siimlai 
to those foi adults aie leached m caidiac muscle at about 4 months of 
age, Inch is many months befoie satin ation of the voluntaiv muscle 
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with cieatine takes place This is also shown by the obseivations of 
Vollmei,^'* but not by those of Bekei -- foi othei species 

Mi<;ccUancon^ Comiihons — This gioiip includes cases in which the 
piimai) cause of death was questionable oi which did not fit into any 
othei gioup Theie weie cases of leukemia, hepatic insufficiency, thyio- 
toxicosis, syphilis, intestinal obstiuction, hemachi omatosis and pellagia 
and cases in which the cause of death was not definite The patient 
with leukemia showed a caidiac cieatme content in the uppei lange 
foi those with uiemia and a voluntaiy cicatine concenti ation definitely 
above the aveiage noimal value Compaied with the aveiage, the 
patients with hejiatic insufficiency showed an inci eased cieatine con- 
tent of voluntaiy and caidiac muscle, wheieas 1 patient with cnihosis 
and 1 with thviotoxicosis showed a slightly loweied content in the 


Tuiir 9 — Sinninaiy of Avoage Data on Ctcaltnc Conicni of Caidiac and 
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caidiac muscle and an inci eased content in the voluntaiy muscle 
Siinilai I}'-, the patient with pellagia showed maikedly deci eased cieatme 
\alues foi caidiac and volvintaiy muscle, the 2 patients with S 3 ^philis 
showed a noimal value foi caidiac muscle and a loweied value foi 
voluntary muscle and the patient with hemachi omatosis and intestinal 
obstruction showed an inci eased caidiac concenti ation The data foi 
the lest of the patients aie of little significance because of the ques- 
tionable cause of death 

Siiiuvwjy of the Vanaftons m the Cieatiuc Valuer joi Caidiac and 
h ohmtaiy Mwscle — Table 9 piesents a summaiy of the cases accoiding 
to the adopted schemata, the data being aiianged m the descending 
01 del of aveiage cieatme values foi the left ventiicle foi each gioup 
It shows that the lowest figures foi adult voluntaiy muscle weie 

22 Bekcr, J C Die YcitciUing des Kicatins in Saugeticikoipei, Ztsclii f 
phvsiol Chem 87 21, 1913 
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obtained for patients with diabetes and caicinoina and the highest foi 
those with uremia and lobar pneumonia The patients with uiemia 
and lobar pneumonia also showed the highest caidiac creatine concen- 
tiations encountered, while the lowest weie shown by those with heait 
failure, regardless of whether or not this condition was associated 
with uremia 

It will be observed from an inspection of table 9 that, despite the 
fact that the lowest values for the creatine content of cardiac muscle 
weie shown by patients with heart failure, these patients did not show 
the lowest values for the cieatine content of voluntary muscle, the 
values being close to the average found for the series Fuithermoie, 
the cieatine content of cardiac muscle was not markedly lowered foi 
those with diabetes, despite the fact that they showed the lowest values 
foi the creatine content of voluntary muscle It might be concluded 

Table 10 — Compansoii of Cicatiiie Content of the Pectoiahs Majot and 
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fiom this that there is no relation between the level of the creatine 
concentration in voluntaiy and that in cardiac muscle However, if the 
data are arranged on the basis of the concentration of creatine in the 
voluntary muscle, as in table 10, this does not appear to be entirely 
tiue It will be observed that as long as the concentration of creatine 
in the voluntary muscle did not exceed about 425 mg , the concen- 
tiation of cieatine m the muscle of the left ventiicle remained relativel}' 
constant, but when the concentration in the voluntary muscle exceeded 
this level, perhaps the normal saturation level, then there appeared to 
be a definite rise in the creatine concentration of the left ventricle 
This IS true of the last two groups of 11 and 12 cases, in which the 
average creatine content of the voluntary muscle was 436 and 484 mg , 
respectively There was also some increase in the creatine concentra- 
tion in the right ventricle, but the increase in the left ventricle was 
considerably larger, particularly in the last group of 12 cases 
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COMMENT 

It IS highly impiobable that one would find in any such indisciimi- 
nately chosen series of patients who died of acute and chionic infec- 
tions, heait failuie, uremia, diabetes, cancel and othei disease conditions 
many who would show a normal concentration of muscle creatine 
Strictly speaking, the cardiac and voluntaiy muscles cannot be con- 
sidered normal except when the person is healthy and lobust and meets 
death other than by way of disease 

Since there weie no normal persons m this series and, fui therinore, 
since there aie insufficient data in the literature on which to define the 
normal values for the cieatme content of voluntaiy and caidiac muscle. 
It appears that the only pioceduie to be followed at present is to take 
the average figures given in table 9 as the basis foi compaiison 

Although it is possible that the noimal cieatme content of human 
voluntary muscle is slightly in excess of the aveiage given, namely, 
395 mg , we doubt that the average normal content exceeds this figure 
by more than from 5 to 10 pei cent In a more recent unpublished 
study carried out in this laboiatory on the same muscle (pectoralis 
major) Mangun obtained an average of 400 mg for 34 peisons In 
another study in our laboiator}'- Corsaio"^ obtained averages of 405, 
402 and 388 mg , respectively, for the psoas major, rectus abdominis 
and sternocleidomastoid muscles in 74 cases Thus it appeals that the 
creatine concentration of human voluntaiy muscle obtained at autopsy 
IS close to 400 mg Since the number of figuies both above and below 
this average in Corsaro’s series about balanced each other, this figuie 
may possess some importance It is also significant, as will be noted in 
table 10, that as long as the creatine concentration of voluntary muscle 
does not exceed 425 mg , the average creatine concentration in the 
muscle of the left ventricle remains relatively constant, but when the 
creatine concentration of voluntary muscle exceeds this level theie is 
also a rise in the creatine concentration of the cardiac muscle, sug- 
gesting that the normal saturation level of the voluntary muscle has 
perhaps been exceeded 

In the case of human cardiac muscle it is still more difficult to define 
the normal However, one might assume that since the heart performs 
a less variable amount of work than voluntary muscle, its creatine con- 
centration should remain relatively constant In the present series of 
cases the creatine concentration of the cardiac muscle was found to be 
208 mg per hundred grams of tissue for the left ventricle and 149 mg 
for the right ventricle Partly on the basis of the distribution of the 
values, we are inclined to believe that our average figures are not far 

23 Corsaro, J F The Creatine Content of Human Voluntary Muscle Proc 
Soc Exper Biol & Med 35 554, 1937 
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from the normal creatine concentration In a recent unpublished stud\ 
Mangun obtained average creatine values of 199 mg for the muscle 
of the left ventricle and 153 mg for that of the right ventricle in 69 
cases, the value for the left ventricle being about 4 pei cent lower and 
that for the light ventricle about 3 per cent higher than in the present 
senes The aveiage for both series is 204 mg for the left ventricle 
and 151 mg for the right ventricle, or, in round numbers, 200 mg foi 
the left and 150 mg for the right ventricle 

In heart failure the creatine content of the muscles of both ven- 
tricles IS uniformly loweied in cardiac decompensation except in acute 
conditions, such as coronal y thrombosis In some of these cases the 
creatine value seems to be lowered more for the left ventiicle than foi 
the right, as is shown by the small percentage of difference between 
the cieatme A^alues, which is suggestive of a tendency toward failure 
of the left side of the heart We had hoped to find cases in which the 
creatine content of the muscle of the left ventricle would actuall}^ be 
lower than that of the right, to bear this contention out moie definitel}, 
but ve were unable to do so Conversel}, any large peicentage of 
diffeience in the cieatine content of the two ventricles might be taken 
as an indication of failure of the right side of the heart As a matter 
of fact the figures in some of the cases suggest a tendency m this 
direction, but the data are not conclusive Therefore, on the basis of 
the cases presented here it appears that when the heart becomes decom- 
pensated it fails as a unit and not in a separate portion, such as in one 
ventiicle, and that if the creatine content of one ventricle is lowered 
because of heart failure the creatine concentration of the other ventiicle 
also falls A more extensne series in which there was a laiger pei- 
centage of difference and in which the left ventricle had a lower creatine 
content than the right might support the contention of the failure of 
the muscle of the left or right ventricle 

The fact that creatine can be washed out of cardiac muscle by pei- 
fusion indicates that part of it is present in a diffusible foim It has 
been show n that the diffusion of phosphoric acid or creatine is 
greater in fatigued than in resting muscle This fact correlates wnth the 
greater dissociation of phosphocreatine under the same conditions “ 
Since the bound form of creatine is not diffusible, the source of the 
increased amounts of diffusible creatine must be the decomposition of 
phosphocreatine It ma} be that the low' creatine value for the fatigued 
heart (cardiac decompensation) is due to the greater breakdowoi of 

24 Stella, G The Concentration and Diffusion of Inorganic Phosphate in 
Lning Muscle, J Phjsiol 66 19, 1928 

25 Tiegs, O W Function of Creatine in l^Iuscular Contraction, Australian J 
Exper Biol & AI Sc 2 1 1925 Eggleston, P The Diffusion of Creatine and 
Urea Through ^fuscle, J Phisiol 70 294, 1930 
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phobphocieatine into a diffusible foim oi to inadequate lesynthesis of 
phosphocieatine due to faulty nutiition of the heait and that the cieatine 
thus leleased diffuses out of the muscle into the blood stieam (The 
lecent woik of Burns and Ciuickshank is in haimony \Mth this view ) 
Ne^eltheless, a low cieatine content in caidiac muscle and heart failuie 
aie definitely i elated It is now known that a low cieatine value is asso- 
ciated with weakness of voluntaiy muscles, and it may be concluded 
that a low caidiac cieatine content in heart failuie and possibly in othei 
conditions is connected m some way with the weakness of the caidiac 
muscle, but whethei the loweiing of cieatine causes, contiibutes to oi 
meiely lesults fiom this condition lemains to be detei mined 

Heiiinann and his colleagues^'’’ suggested that in m)^ocaidial failuie 
eithei suboxidation oi anoxemia is piesent uhich causes an inadequate 
lemoval of lactic acid and that this pioduct accumulates in the caidiac 
tissue The louei pu value results in inci eased hydiolysis of phos- 
phocieatine and inteifeies uith its lesynthesis, and this may well hold its 
concenti ation at a low level and thus contiibute to myocaidial weakness 

In a study of vaiiations in the potassium content in congestive heail 
failuie Calhoun and his associates-* concluded that caidiac fatigue and 
failuie are due to loss of potassium fiom caidiac muscle and that this loss 
IS the piedisposing factoi It is well known that a cei tain balance of elec- 
tiolytes, of which potassium, sodium and calcium aie the most impoitant 
cations, is necessaiy in living, functioning tissues A maiked distui- 
bance of the osmotic equilibrium affects the physiologic functions of 
these tissues, as may be demonstiated, foi example, by pei fusion of the 
heait with potassium-excessive and potassium-deficient Rmgei's solu- 
tion Consequently, potassium as A\ell as the other cations cannot be 
ovei looked in a chemical study of heait failuie Furtheimoie, it is 
piobable that decreases of both potassium and cieatine aie associated in 
the falling heait, and since potassium,-® creatine*® and phosphoi us -®" 
show a highei content in the left ventricle than m the light, this fact indi- 
cates that cieatine phosphoiic acid piobabl}' exists as a potassium salt in 
caidiac muscle as well as in skeletal muscle In a lecent piehminai} 
report Mangun and Myeis=* have noted that when the heart is hypei- 
trophied theie is a deciease in the concenti ation of cieatine, potassium 
and phosphorus, generally somewhat in proportion to the ratios which 
exist in the dipotassium salt of phosphocreatine 

26 (n) Cullen, G E , Wilkins, W E, and Harusnn, T R E’ectrolvtcs in 

Human Tissue II The Electrolyte Content of Hearts and Other Tissues fiom 
Cases with Vanous Diseases, J Biol Chem 102 415, 1933 (b) Calhoun and 

others 

27 Mangun, G H, and Mveis, V C Cieatine, Potassium and Phosphoius 
Content of Caidiac and Yoluntaiv Muscle, Proc Soc Expci Biol & Med 35 455, 
1936 
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It may be tentatively assumed that the low creatine values for volun- 
taiy muscle in diabetes and foi cardiac muscle in heait failure are due 
to faulty nutiition, which results m incomplete resynthesis of phospho- 
creatine, with consequent diffusion of creatine from the muscles and 
creatmuiia The faulty nutrition in diabetes may be tiaced almost 
directly to the disturbed carbohydrate metabolism, and in heait failure 
this might be brought about by overwork or an inadequate blood supply 
An explanation of the high cieatine values encountered in uremia and 
pneumonia, on the other hand, is moie difficult It is geneially recog- 
nized, as a result of experimental work on animals, that there may be a 
considerable increase in the creatine concentration of voluntary muscle 
m the early stages of starvation, while in the premoital stages there may 
be a marked drop in the muscle creatine These changes are not due to 
fluctuations in the water content of the muscle, although the moisture 
content may have some influence on the creatine concentration Normal 
muscle is able to take up and hold temporarily a small amount of crea- 
tine when this is administered Since there is an equilibrium between 
cieatme and creatinine, it is logical to expect that retention of creatinine 
as a result of renal disease might lead to an increase in the creatine 
concentration in voluntary and cardiac muscle This is not invariably 
true, since in some cases of uiemia with creatinine retention there is a 
low concentration of creatine in both voluntary and cardiac muscle As 
already pointed out, it is a singular fact that m these cases heart failure 
has been manifest, wheieas this has not been true in cases m which there 
was an increased creatine concentration m the cardiac muscle Long 
before the discovery of phosphocreatine it was assumed that in some 
way the urinary creatinine coefficient (and with it the creatine content 
of muscle) is related to muscular efficiency It may well be that factors 
which tend to maintain or raise the creatine content of cardiac muscle 
tend to retard the failure of ventricular muscle Creatine and creatinine 
retention appear to offer the most plausible explanation of the high 
values encountered in some cases of uremia Somewhat elevated values 
for the creatine of both voluntary and cardiac muscle have been encoun- 
tered in lobar pneumonia and bronchopneumonia The renal damage 
seems hardly sufficient here to explain the findings, but it is a well 
known fact that in cases of fever there is a marked increase in the excre- 
tion of creatinine (up to 35 per cent) A definite increase m the creati- 
nine concentration of the blood has also been observed It is possible 
that with the increased formation of creatinine m fever there is also an 
increased formation of creatine and that the renal excretion is unable 
to keep pace with this increased formation, thus leading to an increased 
concentration in the muscles This seems to harmonize with the known 
facts It IS of interest to note that, in general, when elevation of the 
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cieatine values is piesent theie is a much gieatei increase in the creatine 
concentiation in the muscle of the left than m that of the light ventiicle 
In the foiegomg discussion it has been shown that concentiations of 
cieatine in caidiac muscle are inci eased or normal in lobai pneumonia 
and uremia and i educed m heait failuie The cieatine content of 
cardiac muscle also is lowered m 50 per cent of the cases of tubeiculosis, 
m 20 pel cent of the cases of acute infection, m 83 per cent of the cases 
of carcinoma and in 75 pei cent of the cases of diabetes Likewise, the 
creatine value foi voluntary muscle is iiici eased oi noimal m cases of 
lobar pneumonia and uiemia, whereas it is loweied m all cases of 
diabetes and caicinoma, in 5 of 10 cases of acute infection and in 5 of 8 
cases of tuberculosis 

In 7 of 11 cases of caidiac decompensation tbe cieatine concentia- 
tion of the voluntaiy muscle is loweied, but not m diiect i elation to the 
decrease m the value foi cardiac muscle It is possible that the weak- 
ened condition of the heai t permits less activity on the part of the patient 
and that disuse of the voluntaiy muscle results in atiophy and i educed 
efficiency In cases of diabetes and such a condition as caicmoma the 
cieatine value for voluntary muscle is consistent!}' loweied, but the 
1 eduction in the creatine concentiation m the caidiac muscle is com- 
paratively small Young human beings show a lelatively highei creatine 
content of caidiac than of voluntary muscle which indicates that the 
value for cardiac muscle leaches adult levels before that for volurrtary 
muscle In cases of tiiemia the cieatine values for both cardiac and 
voluntaiy muscle tend to be high, and in cases of lobai pneumonia the) 
aie either somewhat elevated or about noimal 

The bulk of the evidence obtained points to the concept that the 
vaiiations in the cieatine content of caidiac and voluntary muscle aie not 
closely related In other words, the cii dilatory and peiambulatoiy sys- 
tems of the body have individual functions to perform, although these 
functions are united in a cooidmated oiganism Altliough disease of one 
system has an influence on the othei system, it is unlikely to exert moie 
than a slight effect 

SUMMARY AND CONCLUSIONS 

The caidiac muscle of the left ventiicle of the dog has a higher 
creatine content than that of the light, which confiims the findings pie- 
viously reported for other species In compaiison with man, hower-er, 
the dog has a higher creatine concentration in the muscle of the heart, 
and the diffeience between the two ventiicles is much smaller 

Perfusion of the heait of a dog m vivo with Locke’s solution thiough 
the descending coronary aiteiy markedly reduces the cieatine content of 
the perfused area 

The creatine content of the heart of an infant is low at biitlr and 
progressively increases to adult values withm a few months after birth 
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The satuiation level foi the creatine of cardiac muscle is leached much 
earlier than that for the cieatine of voluntaiy muscle 

In comparison with average values, the cieatme content of the heart, 
1 e , of both the left and the right venti icle, is definitely lowered in 
caidiac decompensation It is also usually slightly loveied m diabetes 
and carcinoma On the other hand, the cieatme content of the muscles 
of the left and light ventricles may be considerably inci eased m uremia 
uncomplicated with heart failuie and m some cases of pneumonia 

Compaied with aveiage values, the cieatme content of voluntary 
muscle (taking the pectorahs majoi muscle as an example) is i educed 
in diabetes and caicmoma and inci eased m memia uncomplicated with 
heait failure and m the pneumonias 

The cieatme content of cardiac and voluntaiy muscle ma} be i educed 
or inci eased m fairh'' constant ratios, but the majoi evidence points to 
the conclusion that variations in these two distinctly diflieient muscles 
are not i elated, except m the cases in which the creatine content of both 
A^oluntary and caidiac muscle is eleiated, piobably as a lesult of mtiogen 
letention 



EFFECl OF JAUNDICE ON CHRONIC INFECTIOUS 
(ATROPHIC) ARTHRITIS AND ON PRIMARY 

FIBROSITIS 


rURTIinR OBSERVATIONS, VTTEMPTS TO REPRODUCE 
THE PHENOMENON 

PHILIP S HENCH, MD 

ROCHESTFR, MIXX 

On April 1, 1929, a patient came to the :Ma)o Clinic complaining of 
chronic infectious (atrophic rheumatoid) arthritis of four years’ dura- 
tion He stated that a v eek pre\ iousl> , no medicine ha\ mg been taken 
painless jaundice suddenl}’’ developed He said that on March 25, the 
daj after he noted the jaundice, the pain and swelling in his joints began 
to dimmish When the patient was examined at the clinic the joints 
were symptomless, this complete symptomatic remission lasted fi\e 
months with respect to the feet and eight months with respect to the 
hands The phenomenon so impressed the patient that when he leturned 
to the clinic two }ears later (May 1931), with moderately actne 
arthritis, he reminded me that the only time his joints evei had been 
entirely free from pain w^as during and just after the jaundice In the 
meantime, three other patients who had come under m\ obsenation had 
experienced the same phenomenon 

In the next four years I found a total of fourteen patients with 
“rheumatic” complaints (nine with chronic infectious arthritis three 
with primary fibrositis and two wuth sciatic pain) w'ho had expeiienced 
marked and generall} complete symptomatic remission with the appeal - 
ance of jaundice In all cases the jaundice w as of the intraiiepatic t) pe , 
m twehe cases it was due to cinchophen oi dernatives of cmchophen, 
but two patients who had taken no medicine had the “catairhal tipe” of 
intrahepatic jaundice This indicated that jaundice, not cmchophen, w'as 
responsible for the dramatic remissions which lasted for a number of 
weeks or months, occasionally longer, after w'hich symptoms lecurred 
in most cases 


From the Dnision of Medicine, the Ma>o Clinic 

Read before the Fifth Conference on Rheumatic Diseases held bj the Ameri- 
can Rheumatism Association, Atlantic Citj% N J , June 7, 1937 
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When these observations^ weie first reported I was unable to find 
any previous references to this phenomenon except three casual state- 
ments With legard to cmchophen toxicity, Parsons and Harding - had 
noted the case of a woman Avith “rheumatism” who, after taking “Ren- 
ton’s hydrocin tablets” (containing approximately 5 grams [0 3 Gm ] 
of cmchophen), had jaundice and died The writers stated that though 
the tablets “made her dizzy, the rheumatism disappeared ” In a latei 
report on cmchophen toxicity ^ they stated “A history of the taking 
of cmchophen followed by disappeaiance of pain associated with the 
onset of jaundice is usually obtained ” In anothei paper on cmchophen 
toxicity Grigg and Jacobsen ■* noted the case of a woman with arthritis 
of many yeai s’ duration Cmchophen caused the development of 
jaundice, and she died Without othei comment the statement was 
made “It is worthy of note that after the appearance of the jaundice 
she had no subjective symptoms of arthritis ” Since then another brief 
passing comment has been called to my attention In his clinical lecture 
entitled “On a Foim of Chronic Joint Disease m Children,” Still® 
(1897) stated “Curiously enough, some accidental complications have 
been followed by marked improvement, thus I have known measles, 
scarlet fevei, and catarrhal jaundice to be each followed by distinct 
improvement of the joint symptoms ” 

Since the publication of my first report, Sidel and Abiams® and 
Borman ' have made confii matory observations 

1 Hench, P S Analgesia Accompanying Hepatitis and Jaundice in Cases 
of Chronic Arthritis, Fibrositis, and Sciatic Pain, Proc Staff Meet , Mayo Chn 
8 430-436 (July 12) 1933, Analgesia Accompanying Hepatitis and Jaundice in 
Cases of Chronic Arthritis, JAMA 101 1265-1266 (Oct 14) 1933, The 
Analgesic Effect of Hepatitis and Jaundice m Chronic Arthritis, Fibrositis, and 
Sciatic Pam, Ann Int Med 7 1278-1294 (April) 1934 These observations were 
reported at the Second Conference on Rheumatic Diseases held by the American 
A.ssociation for the Study and Control of Rheumatic Disease, June 2, 1933 

2 Parsons, Lawrence, and Harding, W G, Jr Fatal Cmchophen Poisoning 
Report of Six Cases, Ann Int Med 6 514-517 (Oct ) 1932 

3 Parsons, Lawrence, and Harding, W G, Jr Cmchophen Administration 
Jaundice as an Untoward Effect, California & West Med 37 30-32 (July) 1932 

4 Grigg, W K , and Jacobsen, V C Subacute Yellow Atrophy of the Liver 
Following Ingestion of Cmchophen and Allied Compounds, Ann Int Med 6 1280- 
1288 (April) 1933 

5 Still, G F On a Form of Chronic Joint Disease m Children, Tr Roy 
Med-Chir Soc 80 52, 1897 Dr Reginald Fitz called my attention to this 
reference 

6 Sidel, Nathan, and Abrams, M I Jaundice m Arthritis Its Analgesic 
Action, New England J Med 210 181-182 (Jan 25) 1934 

7 Borman, M C Jaundice m Arthritis, with Report of Two Cases, Wis- 
consin M J 35 890-891 (Nov) 1936 
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MATERIAL FORMING THE BASIS OF THIS REPORT 

The present report summarizes my further obser\ations (table 1) 
on this phenomenon from studies made of thirty-one additional rheu- 
matic patients u ho experienced similar dramatic remissions of S} mptoms 
coincident uith larious types of jaundice and, of equal importance, 
notes on four patients uith chronic infectious (atrophic) arthritis and 
nine patients uith miscellaneous articular or neuritic conditions (other 

Table 1 — Effect of Jaundice on TIntt\-Onc Patients zoith Rheumatic Disease 
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than atrophic arthritis or primary fibrositis) uho uere not rehe\ed by 
jaundice Space does not permit inclusion of detailed protocols of all 
the cases in uliich sudden remission uas noted Details concerning 
one of these cases were presented elseu here , ® data on representatn e 
cases are given herein 

Patients with Chonic Infectious (Ahopluc) AitJuitis Winch Was 
Relieved by Jaundice — ^Representatn e Case A houseuife aged 55 

8 Hench, PS A Clinic on Some Diseases of Joints IV The Inactuating 
Effect of Jaundice in Chronic Infectious (Atrophic) Arthritis and Fibrositis, 

Clin North America 19 573-583 (Sept ) 1935 
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yeais had sufieied foi twelve yeais vith seveic chionic infectious 
polyaithritis which involved the shouldeis, elbows, wiisls, hands, hips 
and ankles She had had much pain, stiflness and disability Ailiculai 
swelling usually w^as model ate hut at times her “fingeis w'cic so sw'ollen 
that they stuck light out,” and she could haidly wcai shoes because of 
the swelling Walking w'as much lestiicted. and she needed help to 
do hei housewoi k 

In Apiil 1933 she was bediidden foi six wrecks because of aiticulai 
disability In July she began to take “Cahill’s pills” (containing 
cinchophen) and continued to take them mtei mittently foi ten wrecks 
On Septembei 16 she noted that she w'as jaundiced and that the uiine 
w'-as daik Thiee days latci (Septembei 19) the aiticulai pains began 
to fade, and on the fouith day of the jaundice (Septembei 20) she 
noted “complete lelief” fiom pain, stiffness, ledness and sw'cllmg She 



Fig 1 — The knees and Iiands of a woman aged 55 wlio had had chronic infcc- 
lious (atrophic) arthritis for twelve years She obtained complete symptomatic 
relief from pain, stiffness, redness and swelling during cinchophen jaundice These 
photogiaphs wcic taken thicc weeks after the dis.ippcaiancc of jaundice and tevo 
weeks after the return of the activity of the arthritis One tiuy note thickening 
of the phalangeal joints and swelling of the wrists and knees 


stated, “I tvas able to do all my liousetvoik and felt ical tvell except foi a 
pool appetite ” A month latei (Octobei 20) the jaundice began to fade, 
but aiticulai pains had not ictuined On Octobei 24 the patient fiist 
noted a lettiin of slight jiain and swelling m one hand She then came 
to the Mayo Clinic 

On Octobei 27 (at the clinic) she was icteiic (giade 2 -f- o” 
wuth 4 indicating the most extieme condition) 1 he concentiation of 
seium biliiubm w^as 10 3 mg pei hundied cubic centimeleis, the van 
den Beigh leaction was direct The knees and fingeis w^ere by then 
slightlv sw'ollen (fig 1)< but she said she still had 90 pei cent of the 
lehcf which jaundice hi ought to the joints ’’ Ten days latei, at the time 
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of liei dismissal (Novembei 6), the value foi seium biliiubin had 
fallen to 4 8 mg (direct leaction), and the joints were becoming woise, 
although she still had “only one-thiid as much tiouble as befoie the 
jaundice” In June 1934 (when she last wiote me) hei knees weie 
consideiably aftected, but othei joints that had been painfully involved 
pi 101 to the jaundice were still unaffected, nine months aftei the onset 
of the 1 emission She was model ately obese which may have been a 
factoi 111 the eaily letuiii of pam to the knees 

Synopsis of the Effect of Jaundice on Nineteen Patients ^vlth 
Chionic Infectious Aitliiitis The effect of jaundice was noted by a 
total of nineteen patients who had chronic infectious aithiitis, including 
the patient whose case has just been lepoited (table 1) , the aveiage 
duiation of the disease was five and one-half years (lange, one month 
to eighteen yeais) In eight of the nineteen cases of arthritis, intia- 
hepatic jaundice due to cinchophen developed, the jaundice lasted foi an 
aveiage of four and one-half weeks (range, two to eight weeks) The 
1 emissions of symptoms lasted foi an aveiage of thiiteen and one-half 
weeks (lange, five to forty-thiee weeks) 

In nine of the nineteen cases of aithiitis, iiiti ahepatic jaundice of 
difteient types developed In six cases it was classified as catairhal oi 
epidemic infectious jaundice, and in the thiee othei cases it was classi- 
fied as due, respectively, to hepatitis and cholecystitis without stones, 
to hepatitis and poital ciirhosis with ascites and to syphilitic hepatitis foi 
possibly ai sphenamiiie jaundice) The aveiage duiation of the intia- 
hepatic jaundice in these nine cases was eleien and one-half weeks 
(laiige, ten days to six months) The i emissions induced tlieieb)'’ 
vaiied in length from fiie to thiity-nine weeks (aveiage, seventeen and 
one-half weeks) 

In the remaining two of these nineteen cases of arthi itis, obsti uctu e 
jaundice developed, being due to gallstones The average duiation of 
the jaundice was thnteen and one-half ueeks and that of the i emissions 
was forty-five weeks The unusual aveiage length of the jaundice and 
the remissions in these two cases i esulted f i om the fact that one patient 
had a stone in the common liile duct ivliich caused jaundice of varying 
intensity for about twenty-foui weeks and a complete i emission of 
symptoms foi nineteen months (eighty-two weeks) In the othei case 
jaundice of three weeks’ duiation pioduced a complete i emission of 
aiticular symptoms for seven weeks 

Tivo of these nineteen arthi itic patients expenenced jaundice moie 
than once, the lesult of each attack of jaundice has been included m 
these averages and will be discussed later 

In summaiy, the nineteen patients who had chionic infectious 
aithritis had jaundice which lasted on an aveiage nine weeks and a 
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remission of aiticular symptoms which lasted on an aveiage twice as 
long (eighteen and one-half weeks) Twelve (63 per cent) of the 
patients recen^ed complete relief from their active aiticular symptoms, 
and seven (37 per cent) of the patients had almost complete relief, foi 
example, they had no pain while at lest and no swelling or tenderness 
but had slight aching after weight-bearmg, or they had no stiffness or 
pain while at rest or on motion but had slight articular tendei ness Relief 
from stiffness, of course, means lelief fiom the aiticular or muscular 
stiffness due to active inflammation and spasm of muscles and joints 
and not that due to residual structural damage 

Patients with Pi imaiy Fibiositis Which Was Relieved by Jaundice — 
Periarticular and extra-articular (as well as intra-articulai ) fibrous 
tissues are involved in practically all cases of chionic infectious aithiitis, 
thus, associated or secondary fibrositis is a pait of this disease In the 
following cases of primary fibrositis, liowevei, there was no evidence 
of arthritis or of intra-articular disease Primal y fibrositis is character- 
ized chronic stiffness, aching and soreness of muscles (intramusculai 
fibiositis) or of joints (periarticular fibrositis) or of both The condi- 
tion presents no evidence of intra-articular disease, such as hydiops, 
significant swelling, roentgenographic alteiations or defoimity from 
intra-articular disintegration, nor does it give evidence of the systemic, 
clinical and chemical manifestations which make up the syndrome of 
chronic infectious arthritis, such as loss of weight, hypochiomic anemia, 
inciease in the sedimentation rate and inciease in the nonfilamented cell 
count Periarticular fibrositis is often erioneously diagnosed as mild 
arthritis The criteria employed at the clinic for the diagnosis of piimaiy 
fibi ositis haA’^e been published ® 

Representative Case On Feb 15, 1935 a physician aged 64 sud- 
denly acquired afebrile stiffness and soreness of the knees, elbous and 
shoulders, without ledness or swelling The disability progiessed, lap- 
idly, so that by February 18 he had to use a cane in walking Dining 
the next week the degiee of stiffness and soreness increased maikedly, 
so that he was unable to ivalk, comb his hair, wiite or clothe himself 
He had gieat difficulty in feeding himself, and because of soreness, 
stiffness and weakness of the joints of the arms and hands he diopped 
a coffee cup on several occasions On March 5 he gave up his practice 
and went to a spa He was practically helpless, he could not feed 
or dress himself and required the services of a nurse night and day 
He was taken in a ivheelchair for immersion baths and Avas lifted by 
attendants into the Avater Only a fcAv hours of relief Avas afforded by 

9 Slocumb, C H Differential Diagnosis of Periarticular Fibrositis and 
Arthritis, J Lab & Clin Med 22 56-63 (Oct) 1936 Hench, P S Acute and 
Chronic Arthritis, in Nelson Loose-Leaf Living Surgery, Neiv York, Thomas 
Nelson & Sons, 1935, vol 3, chap 1, pp 104-175 
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the baths, to augment this lelief, cmchopynne (cmchopheii, amuiopyime 
calcium carbonate and colchicine) uas given dail}^ 

Prior to Maich 10 the patient had severe pains and disability On 
March 10 he thought his eyes weie slightly yellow On March 11 he 
noted frank jaundice, and on that day he said that his pains began to fade 
This physician descnbed the expeiience furthei as follows “The next 
day (Maich 12) all aiticulai symptoms were gone I could walk freely 
to the bath I thought the baths and medicine had cured me, so I dis- 
missed both my nurses By afternoon I felt so well that it seemed foolish 
to stay longei, so I walked downtown (a small town) for my railroad 
tickets, but that evening, on the advice of my physician, I decided to 
sta} because of the jaundice and some nausea ” During the next few 
days the patient walked freely about his hotel and to the baths and 
had no symptoms of iheumatism On March 16 he uent home, but 
because the jaundice persisted, he came to the Maj^o Clinic on Apiil 1 

The jaundice was then fading, the concentration of seium biliiubin 
uas 3 4 mg (direct reaction) All the joints weie entnely painless on 
voluntary and even on forced motion Theie uas no aiticulai tenderness 
01 aching or penaiticular thickening Jaundice lasted five weeks The 
patient remained completely free from rheumatic disability for ten 
months On Jan 15, 1936, he first noted a return of mild pains m the 
joints, which have persisted (mildly) to the time of writing 

Synopsis of the Effect of Jaundice on Nine Patients with Fibiositis 
Nine patients who had primaiy fibrositis, including the one whose case 
has just been reported, experienced complete symptomatic remissions 
coincident with jaundice (table 1) All had periarticular fibrositis. and 
three had intramuscular fibrositis also The duration of the disease 
averaged five and one-fifth years In six of these nine cases of fibrositis, 
intrahepatic jaundice was caused by cmchophen and lasted from three to 
ten weeks, with an average of foui and four-fifth Aveeks Excluding one 
case, the complete remissions of fibrositis lasted for an average of about 
eighteen neeks (range, four to forty-three iveeks) One patient had no 
recurrence of symptoms for three years, when this patient is included, 
the average length of the remissions is raised from eighteen to thirty-nine 
weeks 

In three of the nine cases of fibrositis, obstructive jaundice developed, 
111 two cases as a result of stones and in one case as a result of car- 
cinoma of the ampulla of Vater Jaundice from cholelithiasis lasted 
for an ai^erage of three weeks (range, one to five weeks), but the 
average length of the sjnnptomatic remissions was fifty-four weeks, 
because one of these two patients, wdio had obstructive jaundice twice, 
had complete remission of fibrositis for two years after one of the attacks 
of cholelithiasis ivitli jaundice Otherwise the i emissions lasted five 
w^eeks in the one case and five months aftei the second attack of 
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jaundice m the othei case In the case in which obstructive jaundice 
developed as a lesult of cancer of the ampulla of Vatei, the jaundice 
lasted fourteen weeks prior to surgical lelief of the bihaiy obstiuction 
The patient had had stiffness and soreness of many joints piactically con- 
stantly foi twenty years At the clinic she stated that until the jaundice 
had begun she had not had any real lelief of the aiticulai symptoms 
111 all the twenty years Theieafter, until hei death on July 19, 1934. the 
joints were fiee from symptoms, a i emission of forty-foui weeks 

In summar}'^, in the nine cases of fibrositis, jaundice developed, with 
an aveiage duration of five and three-fifth weeks In eveiy instance the 
symptomatic i emission induced theieby was complete, and the patient 
was entirely fiee from symptoms of stiffness, soreness, tenderness oi 
aching This contrasts with the fact that only 63 per cent of the aithritic 
patients obtained complete relief, since the remaining 37 pei cent had 
almost complete relief One would expect a more complete effect in 
fibrositis, wherein pathologic changes are so much less pronounced than 
in chronic infectious arthritis 

Additional Patients Whose Aihculai Symptoms Weie Relieved by 
Jaundice — With the onset of jaundice, two patients who had chronic 
lumbosacral and sciatic pains and one who had an Otto pelvis and hypei- 
ti opine arthritis of the hips were leheved of symptoms The duiation 
of then pains piior to jaundice aveiaged two and thiee-tenths yeais 

1 A man aged 44 years had severe pain in the lumbosacral and sciatic region 
after influenza in February 1934 He was m bed two weeks, and thereafter he 
could not work for three months Less severe but annoying pains continued until 
March 1935, when the pain in the back became worse after he changed an auto- 
mobile tire He took 182 capsules of oxyliodide (cmchophen hydnodide) during 
the next few weeks and on April 1 noted slight jaundice, dark urine and light 
stools He observed that on that day his back was definitely better Either on 
April 3 or 7 he said to a relative, “My backache is gone completely It seems 
strange to me that my back has stopped hurting since my jaundice came out I 
wonder if there is any connection between the two” 

The patient was seen at the clinic about three weeks later (May 29), still 
deeply jaundiced (serum bilirubin content, 21 4 mg , direct reaction) He stated 
that prior to the development of jaundice, he had had considerable difficulty sliding 
on and off a high bank clerk’s stool and changing his position in bed At the clinic 
he had full, free motion of the spinal column and extremities and no pain I could 
not elicit any tenderness or pain even by pounding with my fist over the previously 
affected regions or by subjecting his joints to strenuous passive motion Roent- 
genograms gave evidence of slight narrowing of the lumbosacral joint and hyper- 
trophic changes of the right lumbosacral facet and of the right fourth and fifth 
lumbar facets It was reported that neurotropic streptococci were recoverable from 
the nasopharynx and that there was no evidence of an increase in antistreptococcic 
immune bodies in the presence of jaundice, the significance thereof will be dis- 
cussed later 

The value for serum bilirubin rose to 28 6 mg and then fell to 6 mg at the 
time of the patient’s dismissal. May 23 A month later the jaundice (of eleven 
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weeks’ duration) had ended The analgesia lasted at least that long The patient 
did not recall just when his pains began to recur, but for the two \^ears prior to 
]\Iay 1937 his back had been “much less painful than it used to be before the 
jaundice ” 

2 Another patient w'hose lumbosacral and sciatic pain was relieved bj jaundice 
w'as a man aged 49 w’ho had fever and severe pain in the small of the back, right 
hip and thigh late in April 1934 The condition had been diagnosed as due to influ- 
enza and sciatica In June, after being m bed for six weeks wuth serere pain, he 
began to use crutches, and m the middle of July he took six bottles of a patent remedy 
for rheumatism because of chronic backache On October 8 he became jaundiced 
The next day he had fever and epigastric distress, but, he said, “On waking I 
noticed I had no rheumatism, and my back felt fine ” For about a w^eek he had no 
pain, then slight pain (“20 per cent as much as before”) returned Jaundice lasted 
a short time, starting to fade about October 11, when he came to the clinic 

The value for serum bilirubin was 4 4 mg (direct reaction) The spinal column 
W'as stiff, and there w'as some tenderness in the right iliac and gluteal regions 
His pains, how'ever, w'ere much less severe than formerly On October 19, when 
the value for serum bilirubin had fallen to 1 6 mg (direct reaction), his backache 
became as severe as before the occurrence of jaundice The diagnosis was spon- 
dj'litis, cirrhosis of the luer, wnth jaundice, and splenomegaly There was some 
discussion as to how' much (if any) of the symptomatology might be due to undulant 
fever The serum agglutinated Brucella abortus in a dilution of 1 to 160, he had 
lost sixteen calves because of disease due to that organism in March 

Moderate jaundice of short duration apparently had rehcAed the patient’s back- 
ache and sciatic pam completelj for a few' days and partially for a few' days more 
In January 1935 he had no pain except m the neck 

3 A man aged 49 had had pain in the left hip and thigh for six years Jaun- 
dice, presumably of the spontaneous catarrhal type, appeared, his local physician 
noted an icterus index of 20 (roughly analogous to a value for serum bilirubin of 
about 3 mg ) Jaundice lasted about three w'eeks , pai t of this time he Avas com- 
plete!}' relieved , the rest of the three Aveeks he Avas notably, but incompletely, 
relieved of pam At the clinic, roentgenograms revealed marked hypertrophic 
arthritis of both hips, Avith protrusion of the femoral head into the acetabulum 
The condition Avas thought to be not ordinary chronic infectious (atrophic) 
arthritis or simple senescent (hypertrophic) arthritis but hjpertrophic arthritis 
associated Avith an Otto pelvis Th'e patient came to the clinic on May 23, 1934, 
a week after the jaundice had left, pain AA'as then returning in the usual situations 
The value for serum bilirubin Avas only 1 4 mg (direct reaction) 

The conditions presented by these three patients were admittedly not 
as clearcut and the effects of coincident jaundice were not as diamatic as 
those of the patients Avith arthritis and fibrositis, but the reports are 
included in order that it may be considered to AA'hat degree the analgesic 
or inactivating effect of jaundice may or may not be relatively specific 
for diseases more obv'iously rheumatic 

Patwnts with Aithutis oi Fibiositis Who Had Repeated Jaundice — 
Two of the patients wdio had arthritis and two of those who had 
fibrositis had jaundice more than once (table 2) 
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A woman aged 49, who had had chronic infectious arthritis (fig 2) uninter- 
rupted!}" for fifteen years had marked spontaneous painless jaundice which lasted 
twenty-five weeks A complete symptomatic remission developed and lasted nine 
months, then the symptoms returned as before Four years later, “slight” jaundice 
developed after she had taken only 4 tablets of cinchophen The jaundice lasted 
three weeks, and the patient had no relief from the arthritis therewith The follow- 
ing year, without further medication, “very mild” (spontaneous) jaundice devel- 
oped, lasted two weeks and produced no symptomatic remission 

This indicates, again, as noted in my first report, that mild jaundice 
will not produce the phenomenon, a certain intensity of jaundice is 
necessary to invoke it 


Table 2 — Effecl of Retreated Jaundice on Foui Patients with Aitliiitis or 

Fibiositis '' 


Duration, Jaundice Remissions 


of 

Disease 

^ ^ 


\ r 

Length, 



Length, 

Subsequent 

Diagnosis lears 

Type 

Degree 

Weeks 

Degree 

Months 

Course 

Chionic 

15 

1 Spontaneous 

MarLed 

25 

Complete 

9 

As before 

infectious 


painless 






arthritis 

19 

2 Cinchophen ’ 

Slight 

3 

None 





(4 pills) 



None 




20 

3 ‘ Spontaneous” 

Very mild 

2 



Periarticular 

1/12 

1 Obstructire 

Moderate 

1 

Complete 

24 

Pains returned 

flbrositis 

2y2 

(stone) 

2 Obstructne 

Marked 

3 

Complete 

5+ 

No pain to 
date 

Diffuse fibre 

14 

1 Cinchophen ’ 


4 3 

Complete 

S 

As before 

sitis and chronic 
hypertrophic 

13 

2 Cinchophen 

Serum bill 

C 

Complete 


As before 

arthritis 



rubin value 




(traumatic and 
senescent) 



of 12 7 mg 





Chronic 

9 

1 Cholecystitis, 

9 

0 

Partial 

> 


infectious 


hepatitis 






arthritis 

11 

2 Cholecjstitis 

Aloderate 

1 

Complete 

% 

As before 



hepatitis 







* Sjmptomatic remissions vere produced when ntarLcd or moderate jaundice vis present, 
mild jaundice had no effect on the rheumatic symptoms 


Three other patients, however, received marked or complete ameliora- 
tion of articular symptoms on two occasions each (table 2) In each 
instance the jaundice was moderately severe or marked Insufficient 
data are at hand to make it possible to state whether subsequent periods 
of jaundice are more or less effective in producing prolonged analgesia 
than IS an initial attack of jaundice 

Patients Whose Ai ticulai Disease Was Not Affected by Jaundice — 
At the time of my first report ^ I had not seen a patient with jaundice 
who had not received more or less complete, although temporary, relief 
from preexisting rheumatic pain However, records of the clinic con- 
tained data on three patients, two with chronic infectious arthritis, one 
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With sacio-ihac pain and one with sciatic pain, ^hich indicated that 
jaundice ’uas not always associated with relief fiom pain, these cases 
were discussed in the hist leport as cases 13 to 15 

Obsei rations have been made on thirteen additional patients who 
were unrelieved by jaundice (table 3) In the presence of mild jaundice, 
four patients with chionic infectious aithritis were umelieved of 
aithritic sjmptoins Thiee patients who had gout suffeied from two 
or more painful attacks of gouty aithritis m the presence of jaundice 
wdiich, although mild in two cases, w^as faiily intense in one case In 
one patient jaundice of unceitain intensity developed during the “silent 
or prodromal phase” of iheumatic fever, the jaundice did not cause the 
subsequent attack of iheumatic pol)faithiitis to be aboited In the 
presence of fairly intense jaundice, there w'as inaiked aiticulai pain in 



Fig 2 — The feet and hands of a woman aged 49 who had had chronic infectious 
arthritis for fifteen years She obtained complete symptomatic relief which lasted 
for nine months, it began with the onset of a spontaneous painless but marked 
jaundice of twenty-five weeks’ duration Two subsequent short attacks of mild 
jaundice produced no relief of the articular symptoms These photographs were 
taken after the end of the siniptomatic relief One may note swelling of the right 
wrist, of certain midphalangeal joints and of the ankles 


a case of a juxta-aiticular malignant growth and in two cases of “toxic 
or infectious arthralgia,” and marked neuntic pain was present in a case 
of postherpetic neuralgia and in a case of ischemic neuritis 

In some of these cases, particularly those of chronic infectious 
arthritis, the symptoms may not have been amelioiated because the 
jaundice was slight, belotv the “zone of theiapeutic efifectiveness ” In 
other cases, however, the jaundice was of an intensity which is effective 
in chronic infectious arthiitis, yet articulai symptoms were not relieved 
These observations suggest, therefore, (1) that the phenomenon is 
quantitatne, dependent on a certain intensity of jaundice, and (2) that 
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It may be i datively specific foi infectious (atiophic) aithiitis and foi 
piimaiy fibiositis Furthei studies of cases m which lelief is not pio- 
duced liy jaundice may yield data on the mechanism and specificity of the 
leaction m the cases in which lelief is obtained 

Table 3 — Obscnatwns on Ihviccn Palicnls Whose 4iltci(lai oi A^ciint.c 
SMUplonis I'Vtie Not Relieved bv Jaundice 


Painful Condition 
Apparentlj Unre 
lie\ed by Jaundice 

Jaundice 

A 



Type 

— \ 

Duration 

Intcnsitj 

1 Chronic infectious 
arthritis, 4 jr 

Obstnictnc jaundice 

3 vvk 

Jlild, “eyes a bit jcliovv” 

2 Chronic infectious 
arthritis, 2 jr 

Cinchophen 

8vvk (?) 

Uncoitain, mild (>), nevci in bed 
no relief during 2 picgnaiicies 

3 Chronic infectious 
arthritis, 9 jr 

Jaundice uith 
agranulocjtosis 
(aminopyiint ?) 

4 daj s 

Mild, maMinum soium bilirubin 
value, 3 2 mg , direct v’an den 
Bergh reaction 

4 Chronic infectious 
arthritis (?), S jr 
creakj painful joints, 
neuromusculai pains 

Hcmoljtic 


Scrum bilirubin value, 3 8 mg 
indirect van den Bergh icaction 

5 Gouty arthiitis, 

2 attacks 

Obstructiv e j aundicc 
and cancer of pancreas 

2 mo 

Scrum biliiubln value, 14 5 mg 
during one short painful attack 

C Gouty arthritis, 
sc\ eral attacks 

Hemolytic 


Uncertain, acute gout after 
splenectomy when scrum bilirubin 
value was 1 3 mg , diiect van 
den Bergh reaction 

T Gouty arthritis, 
several attacks 

Hemoljtic 


riuetuating, serum bihuibin value, 
0 ! mg direct van den Bergh 
reaction during 1 attack 

8 Acute rheumatic 
feter, third attack 

Catarrhal jaundice 

4 dajs later, onset of 
rheumatic fever 

1 vvk 

Uncertain 

9 Sternoclavicular 
swelling, acutth 
painful metastasis (’) 
specific infection ? 

Obstructive jaundice 
cancer of pancreas 


Serum bilirubin value, 11 " mg 
falling 

10 Arthralgia, recur 
rent, febrile 

Taundicc from hepa 
titis cirrhosis 

Cjr 

Uncertain, at one time scrum bill 
rubin value, 7 mg , din ct v an 
den Bergh rcaetion 

11 Arthralgia painful 
tender joints 
hv drops in one 

‘ Infectious” 

“fev cral 
mo 

S"rum biluubin v alue falling 

0 4 to 2 mg direct v an den 

Bergh reaction 

12 Neuralgia, post 
herpetic 

Obstructive, recurrent 
(choices stitis stone in 
common duct), 3 or 4 
attacks of jaundice since 
onset of neuralgia 

Uncertain “prettv vellou eacli 
time” 

13 Neuritis (ischemic) 
after gjnergen 

Partial stricture of 
common duct 


Scrum biliiubiii v due 11 mg 
falling 


* Pour patients incl chronic infectious (atrophic) arthritis and nine had articular or 
ncuntie symptoms from conditions other than chronic infectious arthritis or fibrositis The 
obscnations suggest that the phenomenon is rclatnely specific for chrome infectious arthritis 
ind for primarj fibrositis but, c\en so, it bears a quantitatue relation to tic intensitj of 
thn jaundice 


In connection with the beneficial effect which jaundice seems to have 
on ceitain rheumatic diseases and in view of cases 10 and 11 (table 3) 
paiticulaily the foimei, wheiein arthialgia seemed to be a svmptom 
coincident vith febiile attacks of deepening jaundice it is of inteicst 
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to note that Fieund^“ has bnefly descnbed “aithntis posticteiica 
Glenaid and Fiangon have discussed j/icifmofwnjw chi oiiiqite d'ot igme 
hcpato-hilia}e, and lecent Fiench monogiaphs'- on diseases of joints 
include paiagiaphs on le i lietiinaiisme cJnomqne 'hihme (enlaigement of 
the ends of the bones, synovitis and pains in the joints — a foim of osteo- 
aithiopathy lathei than a type of aithntis), descnbed by Gilbeit and 
Fourniei (1895)d' by Gilbeit and Leieboullet (1902) and by Wynn 
(1904) This entity has not been descnbed in the United States, so 
fai as I am awaie, and I am not sufficiently familiai with it to know 
whethei it should be legaided as established Tayloi (1895) descnbed 
the case of a young man u ho had "imiltilobulai and unilobulai hepatic 
ciirhosis” fiom the age of 6 yeais and who died of pyemia at the age 
of 20 Duniig the last week of his life and while he was jaundiced 
(degiee unstated), acute polyaithntis developed His condition piobably 
was pyemic arthntis, how’evei, it w'as not “biliaiy iheumatism ” 
Rolleston and McNee (1929) stated that toxic and pyemic aithntis 
may occui in cases of single oi “tiopical livei abscess,” such as that 
caused by Endanioeba histolytica They said they legaided biliaiy 
iheumatism skeptically In his lecent nionogiaph Weiss (1935), how^- 
eier, mentioned stiffness of the aiticulations. esjiecially of the hands 
and of the nape of the neck, as one of the mmoi diagnostic signs of 
latent hepatic insufficiency In wdiatevei mannei my owm two cases 
should be labeled, obviously the aithialgia and the soieness of fibious 
tissue w^ere not due to piimaiy fibiositis oi to oidinaiy chionic infec- 
tious aithntis 


10 Freund, Ernst Gclenkerki ankungen Einluhnng in die Pathologic iind 
Therapie, Berlin, Urban & Schwarzenberg, 1929, p 139 

11 Weissenbach, E J , Glenard, R, and Fran^on, F Rheuniatismes chioinqiit 
d’ongine hepato-bihaire, Nutrition 2 117-138, 1932 

12 Marmesco, G Rheumatismc chronique pai autointoxication, in Roger, 
G E H , Widal, F, and Teissier, P J Nomeau traite de medecine et de 
therapeutique. Pans, Masson & Cie, 1924, pp 552-553 Mounquand, Georges, and 
Michel, Paul Rheumatisme chronique, in Weill, A Maladies de la nutiition, 
Pans, A Maloine et fils, 1922, vol 23, p 612 

13 Gilbert, A , and Fournier, L La cirrhoce hvpertrophique avec ictere chez 
les enfants, Compt rend Soc de biol 47 419-420, 1895 

14 Gilbert, A, and Leieboullet, P Le doigt hippociatique dans les cinhoscs 
bihaires, Gaz hebd de med 7 1-4, 1902 

15 Wynn, W H Secondaiy Hj’pcrtrophic Osteo- A.i thi opathy, Biiniingham 
M Rei 55 139-155, 212-228 and 282-302, 1904 

16 Taylor, Fiedenck Cases of Cirrhosis of the Liver in Children, with Some 
Remarks on Cirrhosis lease 2], Guy’s Hosp Rep 52 53, 1895 

17 Rolleston, Humphrey, and McNee, T W Diseases of the Livei, Gall- 
bladdei and Bile Ducts, ed 3, London, The Macmillan Company, 1929 

18 Weiss, Samuel Diseases of the Liver, Gallbladder, Ducts and Pancieas 
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CHARACTERISTICS OE THE PHENOMENON, RECAPITULATION 

Specificity — On the basis of piesent mfoiination, then, the phe- 
nomenon seems lelatively specific foi chionic infectious arthiitis and 
foi primary fibiositis (including ccitain cases of sciatica) I have not 
had the oppoitunity to see the phenomenon in a case in which disability 
pi 101 to jaundice was chiefly oi solely due to senescent hypei trophic 
arthiitis Howevei, four of the patients who leceived complete ichef 
fiom aiticulai and muscular symptoms when jaundice appealed had 
this foim of ai till Ills coincidentally with the main disease chionic 
infectious aithritis m two cases and chionic peiiaiticular and intia- 
musculai fibi ositis m two cases When each of the patients came to the 
clinic in the couise of, oi aftei, the attack of jaundice, roentgeno- 
giaphic 01 objective eMdences of sjanptomless senescent aithiitis weic 
visible (spuis m the lumbai oi ceivical poitions of the spinal column 
and Hebei den’s nodes), but the histoiy indicated that the pievious 
disability, which had been tempoiaiily inactivated completely by jaundice, 
was mainly if not wholly due to iheumatism of anothei type — infectious 
aithiitis 01 diffuse piimaiy fibiositis It could not be determined whethei 
the patient had had symptomatic, if incidental, senescent aithiitis which 
also had been made asymptomatic, oi whethei the senescent aithiitis 
had been asymptomatic befoie the development of jaundice 

Aside fiom the one inconclusive observation on iheumatic fevei, 
I have not seen a patient wdio had this disease and coincident jaundice 
As has been noted, gouty arthiitis appaiently may be acute and painful, 
in spite of faiily seveie jaundice At least two patients wdio had 
arthialgia of undetei mined type, one patient with neuralgia and one 
with neuiitis expeiienced pain m the presence of jaundice, not of 
marked intensity, howevei Fuithei obseivations may indicate that 
more intense degiees of jaundice than those thus fai encounteied in 
association with these diseases may be moie effective, stressing the 
quantitative lather than the specific natuie of the reaction 

Relative Effectiveness of Diffeient Types of Jaundice — The phe- 
nomenon appaiently can be precipitated by almost any type of obstiuc- 
tive or hepatogenous jaundice provided it is intense enough Most of 
the common types of jaundice are repiesented in the gioup of conditions 
in which lelief was obtained The effectiveness of these types of jaundice 
seems to be moie quantitative than quahtatne The data m table 1 seem 
to suggest that obstiuctive jaundice due to stones pioduced longei remis- 
sions than mtiahepatic jaundice But this conclusion, based on a study 
of only foui cases of obstiuctive jaundice, in two of which the jaundice 
w'as inordinately piolonged, should not be accepted as final No instance 
of “successful” hemoljtic jaundice is included, piobably because in none 
of the three cases in -whicli hemolytic jaundice occuiied was the con- 
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centration of seium biluubin paiticularly high, indeed it raiel} evei is 
high in this tj^pe of jaundice It lemains to be noted whethei the phe- 
nomenon may occur m the presence of severe hemolytic jaundice To 
aid the search for the responsible agent in jaundice it is important to 
determine this point because of the chemical difteiences between hemo- 
lytic and othei types of icteius 

Piompfness of the Reaction — Data on the time of appeal ance of the 
analgesia as it occurred in this second senes of patients agiee with those 
noted in my first series The thiity-one patients of this senes had 
thirty-four effective peiiods of jaundice, thiee having had moie than 
one such period In sixteen instances the patients were not suie of the 
exact time relation between the onset of recognized visible jaundice and 
the onset of lehef of pain and were content with the statement that 
when the jaundice appealed (or uith the onset of jaundice), the pain 
disappeared In general, the onset of lelief was noted piomptly wuth 
the appearance of rusible jaundice Relief of pain w^as fiist noted on the 
first day of risible jaundice three times, on the second day foui times 
and on the third day three times Three patients wdio weie distuibed 
bj' intestinal symiptoms coincident with jaundice stated that tow'aid the 
end of the first week they suddenly leahzed that the iheumatisni w'as 
gone It IS likely that analgesia may have occurred soonei and may 
hare been unrecognized owing to concern over the jaundice 

One of the patients in my first senes (case 16) rvas lathei insistent 
that the srrelhng and pain in the joints disappeared about six rreeks 
before the onset of visible jaundice but rrith the onset of the eaily pre- 
icteric symptoms of toxic (cinchophen) hepatitis So, too four patients 
of this series stated that, according to their lecollection, definite analgesia 
appealed several day^s before jaundice rras noted One patient noted 
it “rvhen the urine began to be dark, one rveek before the jaundice rvas 
noticeable ” Another, rvhose case rr ill be described bi lefly hei eaf ter, 
noted analgesia “one or two days before jaundice” One patient rvho 
experienced the phenomenon trvice, dated the fiist peiiod of analgesia 
as beginning one rveek before and the second peiiod three to six days 
before the onset of jaundice The fourth patient I examined in May 
1934 because of severe spondyditis, rvhich rvas still active aftei eighteen 
years He rvas unable to rvork and could rvalk only three blocks with 
a cane He returned to the clinic on December 17 rvith seveie hepatitis, 
jaundice and ascites His jaundice rvas first noted about September 1, 
but. he stated, During the first rveek of August I began to get rvell 
awfulty fast, and rvithm trvo rveeks my^ rheumatism rvas cuied Mv 
joints feel so rrell I think it mil nerei return” He could walk at 
least three fourths of a mile (a kilometei ) rr ithout a cane, and he said 
he felt better than he had foi trrenty'- years The concenti ation of seium 
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biliiubm was 15 4 mg (dnect leactjon) Roentgenogiams levealed 
maiked spond 3 litis of the infectious (atrophic, ihizomehc oi ankylosing) 
type Examination revealed no soieness oi tenderness anywheie, merely 
lesidiial, inactive, oi symptomless, spond 3 litis The patient was dis- 
missed on Decembei 28 and died on Maich 12, 1935 having had 
according to his local pltysician, “veiy little active aithiitis aftei the 
jaundice ” 

Too much ciedence cannot be given these statements suggesting an 
analgesic eftect fiom subchnical jaundice, because patients diffei gieatly 
as to the keenness of then observations A slight oi even a definite 
visible jaundice might well have escaped notice foi the fiist few dcWs 
In cases in which lelief presumabl 3 '^ was noted some time before jaundice 
was visible, it must be consideied whethei such i emissions matciiall 3 f 
preceding jaundice weie coincidental and uni elated to the subsequent 
jaundice or whethei potent subchnical icterus was piesent Furthei 
observations must determine whethei the phenomenon can occui in the 
pieicteric phase of jaundice, with lorv concentrations of seium bihiubin 

Complete]ics<; of Relief Pi ovidcd by the Phenomenon — Conservatism 
prompted the description of the leaction in the fiist report as “the 
analgesic effect of jaundice ” Although relief of pain is the dominant 
eftect, I believe that theie is more to the phenomenon than analgesia 
Stiffness and musculai spasm weie notably relieved, soreness and tender- 
ness were reduced and frequently even swelling was diminished 
materially It must not be supposed, however, that lesidual periarticular 
thickening or stiffness, due to ankylosis or other structural damage, 
was reduced The only s 3 'mptoms affected were active inflammation in 
joints and only that amount of stiffness of joints which was due to active 
inflammation in and stiffness and spasm of surrounding muscles Because 
these S3nnptoms, as well as pain, weie so fiequently relieved, the 
analgesia must be legaided not as simple, merely a deadening of pained 
nerves, but of greatei significance, an analgesia resulting from improve- 
ment in the underljung chemicopathologic state Hence, “the inactivating 
effect of jaundice” was the term used later ® 

Of the thiity-one patients, twent 3 '--two (all those with fibrositis and 
63 per cent of those ivith arthritis) obtained complete relief fiom pain 
and consideied the disease symptomless In seven cases of infectious 
arthritis, m one of lumbosacial and sciatic pain and in one of h 3 ^pei- 
trophic aithiitis of the hips, lelief was marked but incomplete 

Obviousness of the Phenomenon — After my first report, criticism 
was ofteied that perhaps the patients had been permitted to answei lead- 
ing questions in the manner desiied by the questionei In this regal d I 
may say that the earlier cases weie discoveied chiefly if not solel 3 bv 
me but many of the patients of this second senes first volunteeied the 
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chaiactenstic and revealing lemaiks to my associates m othei depait- 
ments of the clinic, some of vhom \\eie unfaniiliai with this study 
Most impressive weie the lemaiks winch patients made to peisons who 
weie not famihai with the phenomenon lelatives, fiiends or the local 
physician, who was unaware of it These informative lemaiks weie 
either voluntarily lecounted or, at most, were the otherwise unguided 
answers to the question “When you fiist noticed the effect }^ou have 
mentioned did you discuss it with those about you 

The following selection of lemarks piovides evidence of the obvious- 
ness (and ^enty) of the phenomenon and of the peiception of it by the 
patients 

1 A woman said “When the jaundice came, to my surprise I found that I 
could do things with my joints that I hadn’t been able to do for many months It 
was a re\ elation to me, and when friends asked about mv rheumatism I told them 
It had suddenly left me— for which I was very thankful ” Concerning this patient 
her physician wrote me “Her arthritis disappeared through the back door as the 
jaundice came in the front door ” ^ 

2 A man said "My rheumatism disappeared, although before the jaundice 
mi neck was as stitf as if set m cement (from muscle stiffness) 

3 A w'oman said “Before the jaundice developed I had to let some of m\ 
housework slide Aftei the jaundice came, I did it all I felt so well I didn’t go 
to my doctor until tw'o weeks after the jaundice came on ” 

4 A man said “I would trade my rheumatism for jaundice ani time if I 
could feel sure it w'ouldn’t come back ” 

5 A w'oman said "Mj wTists and fingers w^ere badly sw’ollen I couldn’t raise 
iny arms or comb my hair But wnthin fourteen hours of the time the jaundice 
appeared [it lasted only three or four days], I could move all over The swelling 
and stiffness left my hands kly joints didn’t hurt for three weeks Then the pains 
began to come back ’’ 

6 A man said to a relative “What has become of my rheumatism?” To his 
local physician he said “Since the beginning of this trouble [jaundice] I’ve hardly 
noticed I have rheumatism I’ve had joint pains every day for two years, and I’le 
never been so free from them as I am now ” 

7 A man said “I told my brother-in-law' that the only time I've really felt 
decent since the beginning of my rheumatism w^as W'hen I had the yellow jaundice 
I was vert limber right after the jaundice It was harvest time, and I w'orked the 
machinerj easily ” 

8 A man said “Since the jaundice came, the rheumatism has been cured 
At least the jaundice has done that for me The way to cure rheumatism is to 
give a fellow jaundice and then cure the jaundice *” 

In spite of the general unreliability of testimonials and voluntary 
contiibutions of laymen, the following lettei seems woithy of inclusion, 
as it affords furthei evidence of the obviousness and nature of the 
phenomenon as it occurred in the case of a hopelessly crippled patient 
(not listed in this series) The patient had come to the clinic in 1926, 
at the age of 16 years, ivith curvatuie and limitation of motion of the 
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entile spinal column due to maiked spondylitis Thereaftei he had 
become progi essively disabled, in spite of vaiious treatments In 1935, 
inspired by newspapei accounts of the beneficial effect of malaiial fever 
on syphilis and of artificial fever on gonoirhea, he wTote to Di Melvin 
Henderson as follows 

I have noticed in newspapers that one sickness may relie\e another I wish 
to report an eivperience I had in 1932 At that time I was almost completely dis- 
abled I could only be stood on my feet to take sometimes none, sometimes as 
many as ten steps Although I had taken no medicine except Kruschen salts occa- 
sionally, indigestion suddenly developed, without pain, perhaps from overeating 
Four days later I noticed that my legs were less sore and more limber On the 
fifth day my eyes were yellow and my urine was dark I could stand on my feet, 
and my legs felt good As the jaundice continued I could walk a few feet farther 
every day The inflammation subsided in my worst joints Most of the pain 
disappeared In joints that were moderately affected, the stiffness was relieved 
Although some of my joints were still completely stiffened, I was then able to 
shuffle 50 to 75 feet The jaundice [apparently of moderate intensity] lasted one 
or two months My joints were relieved for four to six months, then they slowly 
stiffened up again 

The letter concluded 

Now [1935] I can be stood up but can’t walk a step My outlook is hopeless, 
and I want to offer myself for experimentation Since the discomfort of 

my indigestion w'as mild compared with the sore joints, I have often wished I 
could turn yellow as a pumpkin I have frequently deliberately overeaten but have 
never found the right combination again In the e\pIanafion of this vicident may 
he the key to relief oi cui e of this disease 

The statement is his , the italics are mine 

Although the majorit)'- of the patients recognized a connection between 
their remissions and the jaundice, as their lemaiks indicate, some noted 
the lelief of symptoms but asciibed it to factois other than jaundice 
Thus, the physician whose fibrositis was diamatically relieved, as pre- 
viously noted herein (the repi esentative case undei the heading “Patients 
with Piimary Fibrositis Which Was Relieved by Jaundice”), asciibed 
his relief to the baths which had given him practically no relief up to the 
first day of the appearance of jaundice So, too, an arthritic woman with 
an abiding faith in the virtues of naicotics had cholecystic colic at 10 
o’clock one morning A hypodermic injection of morphine w^as given 
at 5 p m The next day she w'as jaundiced, and by night hei arthritic 
pains (of five yeais’ duration) had entirely left the shouldei and hands 
and had almost entiiely left the knees Later, the articular symptoms 
w^ere completely relieved and remained so foi thiee iveeks, an ettect she 
ascribed entirely to the single injection of morphine 

Relation Between the Degi ee of Symptomatic Relief and the Intensity 
and Duiation of Jaundice — The intensity and the duration of jaundice 
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aie by no means always intei dependent, but, in geneial. intense jaundice 
lasts longei- than mild jaundice, hence the two factois aie i elated and 
in these cases weie definitely so Thus, they can be considered togethei 
All the patients with fibiositis leceived complete lelief (foi variable 
peiiods), although the jaundice of some was model ate and that of 
otheis was marked Among the aithiitic patients who weie markedly 
but incompletely leheved of pain weie some whose jaundice seemed to 
be as deep and as long continued as that of those whose pain was com- 
pletely leiieved Seveial factois prevent establishment of definite coi- 
relation foi this gioup of patients Theie weie too many variables the 
duiation, activity and extension of the aithiitis, and the type, duiation 
and intensity of the jaundice Fuithernioie, some of the patients weie 
not seen at the clinic until some time aftei the jaundice had cleaicd, and 
the intensity of the condition was not established definitely Some 
patients came to the clinic while the jaundice was lecedmg, and the 
previous maximal intensity of the jaundice could not be estimated In 
spite of these difficulties, it seemed evident that the geneiah/ation made 
m the fiist leport was essentially coirect The leaction was apparently 
quantitative The concentration of seium bihrubm did not exactly 
parallel the completeness of the remission, but it seemed to have a i ela- 
tion theieto “The zone of theiapeutic effectiveness” seemed to begin 
generally at a level of about 8 to 10 mg of bihrubm and to continue at 
levels above that concentration This geneiahzation will need to be 
modified if it can be shown that lelief leally does begin occasionally m 
the stage of subclinical jaundice 

Relation Between the Length of the Remission and the Intensity 
and Dwation of the Jaundice — The same factors that prevented deduc- 
tions on the previous point mteifeied with conclusions on this point 
In geneial, the longei and more intense the jaundice, the longei the 
lemission However, theie was much vaiiabihty Thus, modeiate jaun- 
dice of thiee weeks’ duration was followed by a i emission of only five 
weeks in one case and of thiee to foui months in anothei In still 
another case modeiate jaundice of only ten days’ duiation was associated 
with maiked (giade 3, not giade 4) lehef for thiee oi foiii months 

End Result of the Phenomenon — ^V\hth few exceptions, the effect 
of jaundice has pioved to be tempoiaiy, not peimanent A lasting cine 
IS not provided oi to be expected Nevei tireless, the phenomenon has 
given such welcome lehef of aiticulai symptoms, such an impiessive 
“vacation fiom iheumatism,” that many have expressed themselves as 
being satisfied with the tiade of iheumatism for jaundice and have 
wished the tiade could be peimanent To fifteen (48 per cent) of the 
thirty-one patients, rheumatic symptoms and disability letuined as bcfoie 
To thiiteen patients (42 pei cent) the iheumatic symptoms leturned but 
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in distinctly inildei form The subsequent couises in the leinainmg 
three cases were as follows One patient died of cancer, one patient 
has not been heaid from and one patient with fibrositis has had a 
remission which still continues after thiee years and nine months 

The symptoms of one patient who had severe arthritis letumed only 
after ten months of complete lehef, and those of another, aftei nineteen 
months of complete lehef Another aithntic patient had complete lelief 
for a while, after which marked, although incomplete, relief peisisted 
foi two years, several of his previously affected joints are still asymp- 
tomatic, and only his shoulders hurt when he lies on them Return of 
symptoms of fibrositis generally was delayed longer Peiiods of jaundice 
foi three to ten weeks induced the following complete remissions in 
cases of fibrositis foi foui and a half, five, six, eight and ten (in two 
cases) months, two years, thiee j'^ears and three yeais and nine months. 
1 espectively 

SPECULATIONS CONCERNING THE AGENT RESPONSIBLE 
FOR THE PHENOMENON 

The agent responsible foi the phenomenon and the mechanism 
wheieby it acts have not been determined Several possible agents have 
been considered The responsible agent, substance x, may be a normal 
or an abnormal constituent of bile, oi it may be a product of hepatic 
damage 

Bthiuhin — Obviously, m jaundice, bilirubin seems to be the most 
likely agent responsible for the effect It might be aigued that the 
tissues of arthritic patients lack sufficient bilirubin and that jaundice 
supplies the deficiency This idea is particularlj'^ attractive in view of 
Race’s^® recent finding that the icterus index and the concentiation of 
serum bilirubin are likely to be somewhat low among patients who have 
iheumatoid arthritis Though the concentration of serum biliiubin of 
his patients who had rheumatic diseases was somewhat low'^ei than that 
of the controls, the deficiency of biliiubin was small and w'as not the 
chief cause of the low ictei us index 

There are several reasons wdij'^ a hypothesis of deficiency of bili- 
lubm of tissues has been unsatisfactory First, i emissions of the 
symptoms of arthiitis may be induced by states othei than jaundice 
notably pregnancy, in wffiich hyperbilirubinemia does not occui Nature 
piobably does not cure arthritis even temporal ily m two totally different 
w^ays, m the last analysis, the agent responsible for the relief of aithiitic 

19 Race, Joseph Biochemical Investigations in Chronic Rheumatic Diseases 
in Reports on Chrome Rheumatic Diseases, London, H K Lewis & Co , Ltd , 
1935, no 1, pp 55-71, Vitamins and Rheumatic Diseases, in Reports on^ Chrome 
Rheumatic Diseases, London, H K Lewis Co , Ltd , 1937, no 3, pp aO-48 
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symptoms piobabiy is the same m the piesence both of piegnanc} and 
of jaundice, although the mechanism foi developing the agent is dif- 
feient Second, m lespect to the jaundiced aithiitic patients, the i ela- 
tion between the depth ot the jaundice (the concentiation of seium 
bilirubm) and the phenomenon of symptomatic lelief, although close 
was not absolute In many cases the analgesia lasted long attei the 
seium biliitibm (and piesumably the tissue biliiubm) content had 
1 etui lied to noimal Fuitheimoie, if the statements of the patients 
who noted lelief befoie the onset of visible jaundice are leliable, they 
indicate that hypeibilnubmemia was not necessary oi that onl} slight 
hyperbilii ubinemia was necessary to produce the phenomenon Since 
other obseivations on the ineffectiveness of slight, even if definitely 
visible, jaundice (5 to 8 mg of seium biluubin) have made the lattei 
deduction untenable, no final conclusion as to the lole of biliiubin can 
now be made The phenomenon occuis consistently m the piesence of 
fanly intense hyperbilii ubmemia but is generally absent when hypei- 
bilii ubinemia is not present oi is only slight This seems to inciiminate 
bilnubm, but if the mechanism of lelief m piegnancy is ultimately the 
same as in jaundice, one must conclude that an amount of bilnubm that 
will pioduce icteius is not necessary for the phenomenon Pei haps in the 
presence of pregnancy and of jaundice, a special potent foim of bili- 
lubin, a derivative of bilnubm (and not “oidinaiy bilnubm”) oi peiliaps 
an allied compound, is the lesponsible agent and is effective even m 
amounts that do not cause pigmentation 

Bile Salts — These may be the lesponsible agents In ceitain types 
of hepatic disease accompanied with jaundice, the content of bile salts 
piesumably is mci eased m the blood, but in other types of hepatic dis- 
ease accompanied with jaundice it is appaiently deci eased Until 
adequate methods foi determination of bile salts m the blood aie 
available, opinion on the possible connection between bile salts and the 
phenomenon undei discussion must be held in abeyance 

Hepatic Autolysate — A pioduct of hepatic injury, some hepatic 
autolysate, may be the lesponsible agent SnelU® has said that he 
inclines to this view I hope the lesponsible agent is something simplei 
to identify than a hepatic autolj'-sate It seems moie likely to me that 
the lesponsible agent is some product uhich is noimal, not abnoimal, 
to the tissues helped theieby 

Special Diet — One of Pembei ton’s patients (his case 53) appai- 
ently expeiienced the phenomenon in the couise of jaundice, but the 

20 Snell, A M , cited by Hench s 

21 Pemberton, Ralph Studies on Arthritis in the Army, Based on Four 

Hundred Cases V Roentgen-Ray Evidences, Clinical Considerations, Tieatmcnt 
Summary, Conclusions and Clinical Abstracts of Cases Studied [Case 531 Aich 
Int Hed 25 398 (April) 1920 J- ^ " 
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lelief ^^as asciibed to the dietai}^ restuctions incident to jaundice The 
phenomenon cannot be attributable to the coincidental use of a diet low m 
calories or in carbohydiate Many of the patients while in the hospital 
undei the caie of Drs Snell, Wen, Comfoit, Wilbui and myself weie 
given 400 to 500 Gm of carbohydrate daily (bread, cereals, potatoes, 
ciackers, jellies, cakes, fiuit juices and candy between meals) They 
weie on this so-called suppoitive diet foi hepatic disease for three to 
five weeks in the hospital and for at least three to six months theieaftei 
While 111 the hospital they were generally given also an aveiage of 100 
Gm of sugai intravenously daily for three weeks Glycosuiia often 
was produced, but the analgesia and reduction of stiffness and swelling 
of joints were in no way disturbed by this large intake of carbohydiate 
daily foi many weeks 

SPECULATION CONCERNING CIRCUMSTANCES THAT MIGHT BE 
RESPONSIBLE TOR THE PHENOMENON 

It has been suggested that the responsible factor is not a chemical 
substance but a set of circumstances incident to jaundice simple seda- 
tion, rest and reduction of trauma, dehydration and countei irritation 

Simple Sedation — It has been argued that perhaps one of the chem- 
ical compounds conceined m some way with jaundice is a sedative 
substance, nonspecific foi rheumatism, which dulls the sensorium and 
diminishes perception of pain by the markedly jaundiced patient This 
explanation is not satisfactory, because the phenomenon often includes 
reduction of stiffness and swelling as well as analgesia Furthermoie, the 
majority of these jaundiced arthiitic patients are physically and mentally 
active and alert, in spite of the jaundice, as photographs and my motion 
pictures of them indicate If jaundice provides simple nonspecific 
analgesia, it wmuld probably have been noted previously in association 
with many diseases As far as I am awaie, it has not been noted that 
visceral pains wnth jaundice are, in general, any less seveie than those 
without jaundice Were simple general analgesia piovided, one of the 
gouty patients (case S, table 3), the patient with the painful sterno- 
clavicular swelling (case 9) and the one with the ischemic neuiitis 
(case 13) should have obtained some relief or more relief than they 
did, because the jaundice they had w'as fairly intense and the level of 
the seium bilirubin w^as in the “zone of therapeutic effectiveness ” 

Rest, Reduction of Trauma — It has been suggested that rest in 
bed or a shaip reduction of activity and of trauma to joints in the course 
of jaundice was responsible for the relief of pam Rest cannot be 
lesponsible for the effect, because, although some patients remained 
in bed duiing the eaily stages of jaundice, most of them, freed from 
pain during jaundice, were from the onset of jaundice not less active 
but more active than e\ er, as their statements indicate 
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CoMiteuiutation--lt has been suggested that jaundice pioMded a 
foim of counteunitation, that the patients were too sick with jaundice 
to notice the joints On the contrai}, most of them noticed the joints 
particularly, by reason of the degree of articular relief obtained 

Dehydiatioii — Dehydration is said to aflfoid some relief to the patient 
who has chronic arthritis I do not believe dehydiation was responsible 
for the phenomenon of relief Dehydiation was geneially not noticeable 
Indeed, a large amount of fluid was geneially given, not because the 
patients were dehydrated but to combat toxicity, and analgesia continued 
m spite of this 

SPECULATIONS CONCERNING THE MECHANISM WHEREBY 
THE AGENT MAY ACT 

Assuming that the responsible agent is a specific chemical substance 
or a combination of substances and not a nonspecific set of circumstances, 
it may be suggested that the phenomenon results from (1) the correc- 
tion of some chemical deficiency, (2) the correction of some chemical 
or ersufficiency oi (3) a process of bacteriolysis, bacteiiostasis or 
detoxification 

1 As has been mentioned, it is an attractive idea that jaundice pio- 
vides to the general ciiculation and to the tissues involved in arthritis 
a normal chemical constituent, not an abnormal product, adequate 
amounts of rvliich patients with arthritis or fibrosis did not pieviously 
possess The r alidity of this idea remains to be proved 

2 Anothei rvoikmg hypothesis might be based on a contrary point 
of view Damage to the hvei may temporarily mteifere rvith the pro- 
duction of some substance of rvhich the rheumatic patient has a patho- 
logic over supply Thus, the hepatitis rvith jaundice may collect some 
hyperfunctioning, not hypofunctioning, state If this rvere so, should 
not serere hepatitis alone, rvithout jaundice, be able to invoke the 
phenomenon 7 As noted in my first repoit, the phenomenon did not 
appear m one case (case 17) in rvhich maiked cinchophen hepatitis 
developed rvithout jaundice 

3 A third hypothesis is that “substance x" may hare a porvei of 
detoxification oi a bacteriolytic or bacteriostatic effect on oiganisms 
responsible for chronic rheumatism Bile m certain concentrations is 
bacteriolytic to pneumococci, and it has recently been suggested that 

22 Scull, C W , and Pemberton, Ralph The Influence of Dietetic and Othe’ 
Factors on the Spelling of Tissues in A.rthntis Preliminar}’- Report, Ann Int 
U&A 8 1247-1265 (April) 1935 

23 Najib-Farah Defensne Role of Bihrubinaemia in Pneumococcal Infec- 
tion, Lancet 1 505-506 (Feb 22) 1937 
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the jaundice seen in certain cases of pneumonia lepresents a piotectne 
mechanism As applied to pneumonia, the idea seems moie ingenious 
than sound, in the absence of data indicating that patients who have 
pneumonia and in whom jaundice develops lecovei moie leadil}. than 
nonjaundiced patients who have pneumonia Suffice it to say, the bac- 
teiiologists among my colleagues, caiiying on ceitain pieliminary imesti- 
gations, have failed to note bactenolj^sis oi bacteriostasis foi various 
aithiotiopic, neuiotiopic oi neuiomyotiopic stieptococci m Autio 
although they have used concentiations of bihiubm and bile acids, alone 
and sepal ately, equal to oi greatei than the concentrations present in 
clinical jaundice Noi have they noted definite increases in sti eptococcic 
antibodies in a few of the cases of jaundice accompanying aithiitis 
Fuitheimoie, seveial of the jaundiced aithntic patients obviously bad 
not been “steiilized” of their aithiotropic stieptococci, for these organ- 
isms still could be isolated fioni the nasophaiynx oi othei foci, even in 
the presence of the phenomenon Fuithei speculation is useless at 
piesent and I have no idea which theoiy of the cause of aithiitis oi 
fibrositis these inA'^estigations will suppoit 

THERAPEUTIC IMPLICATIONS 

The theiapeutic implications of this phenomenon seem obvious A.n 
mtensne study of it may lead to a bettei understanding of the patho- 
genesis of rheumatic diseases and perhaps of the geneial mechanisms 
of immunity, oi, moie impoitant, it may lead to a method of “cuiing” 
these diseases or at least of controlling their activity Jaundice, obviously, 
provides not a cuie but a temporary contiol, at least, of symptoms But 
IS It not likely that the differences between a preliminary tempoiaiy 
1 emission and the final permanent remission or cuie aie meiel}^ quan- 
titatne — differences of degree and of persistence^ As has been stated 
before, it would be gratifying if one were able to repeat nature’s 
dramatic (if accidental) method of control, to induce at will, repeatedly 
if necessary, a similar remission of symptoms by the use of some non- 
toxic accompaniment of jaundice effective m available concentrations 

ATTEMPTS ro REPRODUCE THE PHENOMENON 

In attempting to reproduce the phenomenon for research on the 
treatment of arthritic patients, various methods of approach were con- 
sider ed It was decided to administer to patients who wished to cooper ate 
in the investigation the differ ent available constituents of bile, first alone 
and then m combination, first by the simpler routes (oral and rectal) 
and later intravenously oi othei wise Because of the cost and relative 
trnar ailabiht) of biliiubin at the time the im^estigation was under naj 
other substances were used first 
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Bde Salts — A numbei of essentially similai preparations aie avail- 
able One piepaiation was given by mouth in doses up to 112 tablets 
(total 224 giains [14 6 Gm ]) in fouiteen days Ox bile was given m 
doses up to 890 giams (57 8 Gm ) in thiiteen days These are equal 
to 01 above the usual doses piesciibed The lesults w^eie questionable 
Some aithntic patients felt paitially leheved, otheis w^ere unaffected 
Obviously the complete phenomenon provided by spontaneous jaundice 
w^as not being lepioduced by these small doses of bile salts Rathei 
than peisist in then use it w'as decided to postpone fuithei investigations 
wuth them and to piogiess to other methods m an attempt to obtain 
the full effect compaiable to the phenomenon desciibed, not the slow% 
indefinite type of impiovement wdiich current methods aheady piovided 

Synthetic Bde Salts — The sodium salt of dehydiochohc acid (decho- 
lin sodium) was administered intiavenously, by mouth and in combina- 
tion One ampule (2 Gm ) was given to each of seveial patients wuth 
arthiitis 01 with fibiositis intiavenously daily foi from eight to tw'^enty- 
one days The tablets, each of 3^ giaiiis (0 25 Gm ), w'eie given oially 
in doses up to a total of 178 tablets (667 5 giains [44 5 Gm]) m 
twenty-one days Decholin w^as given by Lebermann to one patient 
with acute aiticulai iheumatism, wuth lepoited benefit It has also been 
used by otheis in the study qf the hepatic function of patients vcitli 
chronic ai tin itis The i esults noted by my patients w^ei e vai lable in 
the main, being negative Some believed then pains w^eie paitially 
leheved, but, as wuth the pievious piepaiation, it seemed evident that 
the ordinal y doses of this pieparation given alone would not precipitate 
the complete phenomenon This was also the tentative conclusion of 
Siclel 

Diluted 0^ Bde — Vaiiable amounts of sterile ox bile diluted in 
w'atei and olive oil w'eie administeied by proctoclysis but pioved nu- 
tating and weie piomptly evacuated 

Human Bde — It w'as frankly believed that administration of bile 
01 its constituents by the oial or by the lectal loute would be of no 
theiapeutic value, since administi ation of bile products by these routes 
could not be expected to increase materially their concentration in the 
geneial blood stieam The administeied substances, if absorbed, piob- 
ably would pass only thiough the enterohepatic cii dilation and would 

24 The preparation used was ghchotauro, which is manufactured by Hynson, 
Westcott & Dunning, Baltimore 

25 Lebermann, Ferdinand Klimschc Erfahrungen mit “Decholin,” Fortschr d 
Med 44 703-704 (July) 1926 

26 Rauls, W B Liver Function in Rheumatoid (Chronic Infectious) 
Arthritis Preliminarv Report, Ann Int Med 10 1021-1027 (Jan ) 1937 

27 Sidel, Nathan Personal communication to the author 
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never leach the geneial (oi aiticulai) ciiculation Neveitheless, Di 
Winfield Butsch procured a faiily large quantity of human bile which 
had diained fiom a T tube and which was free fiom pathogenic oigan- 
isms and administered it to a few of my arthiitic patients Amounts 
of human bile up to 2,600 cc in one day (7,650 cc m ten da}s) weie 
given b}'^ stomach tube The concentration of serum bilnubin was not 
increased, and relief from articular symptoms was not noted Conti aiy 
to expectation, these amounts of “hetei ologous bile” did not pioduce 
any gasti o-mtestmal symptoms Indeed, one patient took it with pleas- 
ui e, saying it increased his appetite 

L^ve') Extract — Occasionally I have used commeicial piepaiations 
of hvei extract in the treatment of arthiitic patients with secondaiy 
01 with coincident pernicious anemia The use of such prepaiations in 
ordinary amounts seemed to have no marked effect on articulai symp- 
toms, ceitainly none similai to the phenomenon characteristic of spon- 
taneous jaundice This also has been the expeiience of Di George 
Minot and of Di William Muiplty-*’ Theiefoie, this method of 
approach has not been extensively lepeated 

Tiansfusions of Highly Jaundiced Blood — In the hope that “sub- 
stance x” might be piesent in potent amounts in poitions of jaundiced 
blood available foi transfusion, foui arthritic patients were given from 
one to foul such transfusions To my knowledge, jaundiced blood has 
not heretofore been dehbeiately used foi transfusion Because Di 
Lundy and I weie unceitain of its effects, small doses weie fiist given, 
and only peisons of identical blood gioups weie used as donoi and 
recipient What I called lound-iobin transfusions were aiianged Non- 
arthritic jaundiced patients, suffeiing from a variety of hepatic disoideis, 
whose blood showed a negative Wasseimann reaction and was steiile, 
were willing to coopeiate, giving an amount of then “bad blood” for 
twice as much “good blood” from a healthy piofessional donoi, at no 
expense to the patients The jaundiced blood was injected into non- 
jaundiced arthiitic patients in the usual mannei One patient, foi her 
fourth tiansfusion, received 800 cc of jaundiced blood, the concentiation 
of serum bihiubm being 21 mg pei bundled cubic centimeteis Thus, 
only a relatively small amount of bilirubin was actually injected , namely, 
168 mg In general, theie was no leaction oi only the usual slight leac- 
tion, as from any transfusion Duiing the completion of this large trans- 
fusion, extensive hives developed, and there was a distinctly yellow tinge 
to the skin The next day she insisted she had less pain, if so, relief 
was transient, and the serum biliiubin content was slightly but not 
materially, increased 


28 Minot, George Personal communication to the author 

29 Murphy, William P Personal communication to the author 
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Aitificially Piodiiced Jaundice — Obviously, othei methods of 
appioach weie necessary if an adequate amount of the h}pothetic agent 
was to be piovided Methods of inducing i datively harmless jaundice 
weie sought Single doses of as much as 500 mg of bihiubm, injected 
intravenously, are excieted rapidly and are (oi were) expensive^® and 
ineffective Both cmchophen and neoarsphenamine pioduce jaundice 
inconsistently, they aie not contiollable in then effect and then use may 
have serious consequences Simple catairhal jaundice does not seem 
subject to experimental lepioduction The tropical types of jaundice 
aie dangeious oi unsuitable 

In spite of all difficulties, it became evident that a lepioducible, i da- 
tively haimless type of jaundice was lequired m oidei to study the 
phenomenon adequately A pooi mosaic was being provided by the 
patchwork chemical investigations accomplished with the coopeiation of 
patients who had spontaneous jaundice , none of them lived neai Roches- 
tei, so they usually had to go home just when desiiable chemical studies 
weie being made Chemical anal)'ses made on samples of their blood 
mailed to the clinic were of uncertain value To study the intiicacies of 
the phenomenon, one should study the changing physiologic and chemical 
piocesses m different phases before the period of jaundice, in the pre- 
icteric stage, as jaundice becomes visible and the phenomenon becomes 
appaient, as jaundice fades and disappears but analgesia peisists, and 
finally when leactivation of the disease occurs 

Tohiylenediamtnc Jaundice — ^The studies of Wolff,®^ McGowan,®' 
and McGovan, Bollman and Mann®® suggested that toluylenediamine 
might be a suitable substance to use in the first attempts deliberately to 
induce jaundice in a Amlunteei aithiitic patient Toluylenediamine jaun- 
dice in animals was intense, it was somewhat contiollable, it was of intra- 
hepatic type, and aftei jaundice had disappeaied the lesults of hepatic 
function tests letuined to normal, and theie was no pathologic evidence 
of significant damage to the hvei Recognizing the possible iisk, a dis- 
comaged aithiitic patient (fig 3), thoioughly disgusted with lesults she 
had obtained from an amazingly long series of oithodox, and unoitho- 
dox, measuies employed ovei a peiiod of thiiteen 5 ^eais, elected to take 
toluylenediamine oially (June 1936) I was paiticulail)'- fortunate in 

30 At the time the work was being done the cost was §25 a gram 

31 Wolff, H J The Ph 5 fSiologic Action of Tolu 3 ’'lendiamin and Its Relation 
to Experimental Jaundice, J Pharmacol & Exper Therap 50 407-419 f April) 
1934 

32 McGowan, J M Bile Salts m Tolujdenediamine Jaundice, Proc Staff 
Meet, Mayo Chn 10 S6S-S67 (Sept 4) 1935 

33 McGowan, J M , Bollman, J L, and Mann, F C The Bile Acids in 
Icterus Produced by Toluylenediamine, J Pharmacol & Exper Therap 58 305- 
311 (Nov) 1936 
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the selection of this patient, because annoying gastio-intestinal iiritation 
was induced, only slight jaundice was obtained (and that with some 
difficulty) and the jaundice was ineffectual against the pain Nevcithe- 
less, the woman coopeiated remaikably and accepted the failuie philo- 
sophically The details of this case will be repoited separately m another 
paper 

Contraiy to expectation, the jaundice induced was wholly of the 
hemolytic type With extreme caution the patient was cairied to an 
erythrocyte count as low as 1,530,000 per cubic milhmetei of blood 
and to a concentration of hemoglobin of 5 2 Gm per hundred cubic 
centimeteis The color of the eyes and skin was lemon, not oiange, 
the jaundice was transient and rather mild, and the maximal concentia- 
tion of serum bihiubin was only 6 3 mg (dnect reaction), nevei enteimg 



Fig 3 — One hand and both feet of a patient who had had severe chionic infec- 
tious artliritis for thirteen years One may note deformities of the fingers and toes 
and swelling of the ankles, especially of the left ankle Mild “experimental jaun- 
dice,” which was induced with toluj'lenediaminc, was not associated with remission 
of articular symptoms 

the “zone of theiapeutic effectiveness” Subsequently, two tiansfusions 
and othei hematonics were given, and the woman made a lapid and 
unetentful recoveiy as far as the blood was concerned Results of tests 
showed that the hepatic and renal functions eithei vveie normal or had 
returned piomptly to normal 

Some mote feasible method of studying the phenomenon, a method 
pel haps adaptable to the field of therapy, is needed, but when it is 
obtained it should not be regarded as an end but only as a means to 
an end Therapeutic jaundice may be an attiactuc term, but even if 
successfully induced, it should be, at best consideied a ciude foim of 
treatment, just a step— but an impoitant one— on the way to the refined 
therapy of the future 
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SUMMAR\ AND CONCLUSIONS 

Furthei obsenations have been made on the analgesic oi the inac- 
tivating eflect of jaundice on chionic infectious (atrophic, iheuinatoid) 
aithiitis, on piimai} fibiositis and on ceitain t}pes of lumbosacial and 
sciatic pain Clinical and chemical studies have been made on a new 
senes of thiitj-one patients whose iheumatic symptoms w^eie paitially 
01 , geneialh, complete!} leheved coincident with the onset of sponta- 
neous jaundice With the addition of the fouiteen patients lepoited on 
in the fiist senes, a total of foity-five patients have expenenced this 
phenomenon tw'ent} -eight wuth chionic infectious (ati opine) arthritis 
twelve w'lth piimaiy pei lai ticulai and intiamusculai fibiositis, foui wnth 
lumbosacial oi sciatic pain and one AVith hjpeiti opine aithntis locah7cd 
m the hip joints Vanous types of jaundice appealed to be equalh 
effectne intiahepatic jaundice fiom cinchophen, spontaneous intiahe- 
patic jaundice of the cataiihal oi epidemic infectious type, intiahepatic 
jaundice associated with hepatitis and cmhosis, and obstiuctne jaundice 
fiom stones or fiom a malignant giowdh No oppoitunity to studv the 
effect of maiked hemolytic jaundice has piesented itself 

The phenomenon was dependent moie on the quantity than on the 
quality of jaundice The concent! ation of seium bilnubin seived as a 
general index of the effectiveness of the phenomenon, and what I ha^c 
called the zone of theiapeutic effectiveness has been established tenta- 
tively as beginning at a concenti ation of seium biliiubm of about S to 
10 mg pel bundled cubic centimeteis Howevei, ceitain data aie at 
hand w^hich suggest that the concenti ation of bilnubin in jaundice ma} 
not be the chief oi sole factoi m piodttcing the phenomenon 

The phenomenon was chai actei ized by the diamatic piomptness of 
its appeal ance, its notable obviousness and the completeness of its effect 
The dui ation of the i emissions induced by jaundice boie a geneial but 
not a specific i elation to the intensit} and duration of the coincident 
jaundice The analgesic effect of jaundice w'as noted geneiall} wuthm 
the fiist thiee da}s of visible jaundice Of the that} -one new patients 
who expeiienced analgesia, tw^enty-tw'^o (71 pei cent) lecened complete 
lelief and nine (29 pei cent) lecened paitial but almost complete 
lehef All nine patients wuth fibiositis and 63 per cent (twelve) of the 
nineteen aithntic patients weie leheved completely although tempo- 
laiih, of all iheumatic S}mptoms 

Significant jaundice piecipitatecl a i emission, appaientl} not a cine, 
of the diseases undei considei ation, but the i emissions piovided “\aca- 
ti5ns from iheumatism” w'hich w^eie grateful!} leceived by the patients 
most of whom would have piefeiied to make peimanent the tiade of 
the new condition foi the old The i emission of ailiculai and mnsculai 
S}niptoms lasted fiom thiee weeks to foit}-five months , m general thev 
lasted seieial weeks The aithiitic patients weie lelieved of s}mploms 
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foi an aveiage of about foui months, and the patients with fibiositis, 
foi an average of about five months The i emissions lasted roughly 
about twice as long as the jaundice, but because of variable factors, this 
IS a generalization not applicable to individual cases 

In the majority of cases the iheumatic symptoms letuined to their 
pievious intensity, but in 42 per cent of the cases the sjmiptoms lecuiied 
in milder form and have so remained 

A study of thirteen additional new patients (foui with atrophic 
arthritis and nine with articular or neuritic symptoms resulting from 
conditions othei than atiophic arthiitis oi piimaiy fibrositis) who did 
not experience analgesia in the presence of jaundice of varying intensity 
indicated the relative specificity of the reaction and its closei i elation 
to the quantity than to the quality of jaundice Painful gouty arthritis, 
post-herpetic neuralgia, ischemic neuritis, juxta-articular metastasis and 
arthralgia of a special type were unrelieved in the presence of jaundice 
which at times reached the so-called zone of therapeutic effectiveness 
The therapeutic implications are obvious The responsible agent and 
the mechanism whereby it acts are as yet unknown Some working 
hypotheses have been developed Attempts to i eproduce the phenomenon, 
for investigative lather than foi immediate therapeutic pui poses, weie 
made They included the administiation of whole bile and certain of 
its constituents by vaiious routes Natural and synthetic bile salts 
(dechohn) weie given Bile was fed by stomach tube Transfusions of 
deeply jaundiced blood were tried Jaundice was produced by the admin- 
istration of toluylenediamme The clinical and chemical results of these 
methods were studied, by these means and with the lather small doses 
used, the phenomenon has not yet been reproduced 

For an adequate study of the phenomenon, the development of a 
method to produce suitable artificial jaundice may be lequired Howevei, 
^\hen it IS accomplished, aitificial or "therapeutic” jaundice should be 
legal ded not as an end in itself but only as a means to an end Two 
conclusions seem permissible 

1 Chronic infectious (atrophic, iheumatoid) aithiitis and piimary 
fibrositis are not necessaiily relentless, unconti ollable diseases Then 
pathologic physiology is more completely and more rapidly reversible 
than has been supposed heietofore 

2 Nature possesses a highly effective method of quickly stopping the 
disease for a while and of producing a dramatic remission, this phe- 
nomenon IS precipitated more lapidly and moie completely by jaundice 
than by any other known physiologic change oi therapeutic method It 
behooves physicans to discover this antidote and the mechanism of its 
action 

The discussion of this paper appears in conjunction with that of the following 
paper, by Drs Thompson and W3att 



EXPERIMENTALLY INDUCED JAUNDICE 

(HYPERBILIRUBINEMIA) 

REPORT or AKIMAL EXPERIMEA’TATION AND OF THE PHYSIOLOGIC 
EFFECT OF JAUNDICE IN PATIENTS WITH ATROPHIC 

ARTHRITIS 

HARRY E THOMPSON, MD 

AND 

BERNARD L WYATT, MD 

TUCSON, ARIZ 

Since the publication of the article by Hench,^ in 1933, m which it 
i\as noted that interciuient jaundice may evoke a remission of chionic 
atrophic aithiitis and fibiositis, we hai^’e been actively interested m the 
experimental pioduction of jaundice The observations of Hench ha\e 
been confiimed by Sidel and Abiams - and by Hench ® We have studied 
three patients vith atrophic arthiitis in whom jaundice occurred Jaun- 
dice occuired in two of these patients after toxic hepatitis, in one case 
due to neocinchophen (30 giains [2 Gm ] daily for sixteen days) and 
in the othei case to neocinchophen (12 giains [0 8 Gm ] daily foi 
twenty-foui da 5 ^s) and oxo-ate B (calcium ortho-iodoxybenzoate, 15 
grains [1 Gm ] dail}’- foi tventy days) In one patient no effect on the 
aithritis was noted (the serum biliiubin content was not determined), 
but the other patient, with the onset of jaundice, was relieved of pain 
During the jaundice, which lasted thirty days, the aiticular symptoms 
weie entiiely lelieved The serum bilirubin level foi this patient was 
24 mg pel hundied cubic centimeteis With the disappearance of the 
jaundice the pain leturned slightly, however, she continued fairly free 
from manifestations foi thiee 3 'ears The arthiitis then retuined with 

Presented m part before the Fifth Conference on Rheumatic Disease held by 
the American Rheumatism Association Atlantic City, N J , June 7, 1937 

1 Hench, P S Analgesia Accompan 3 ang Hepatitis and Jaundice in Cases 
of Chronic Arthritis. Fibrositis and Sciatic Pain, Proc Staff ileet, klaio Chn 
8 430 (Julj 12) 1933 

2 Sidel, N , and Abrams, M I Jaundice in Arthritis Its Analgesic Action, 
New England J Med 210 181 (Jan 25) 1934 

3 Hench, P S The Analgesic Effect of Hepatitis and Jaundice in Chronic 
Arthritis, Fibrositis and Sciatic Pam, Ann Int Med 7 1278, 1934 A Clinic 
on Some Diseases of the Joints IV The Inactnating Effect of Jaundice in 
Chronic (Infectious) Arthiitis and Fibrositis, Chn North America 19 573, 
1935 
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seventy The thud patient (lefeired by Di R A Hicks) was a giil 
aged 3)/2 years Nine months prcMousty, seveie polyaiticulai 
aithiitis of the ati opine type developed The joints of the fingers, 
wiists, elbows, knees, ankles and neck weie involved, nith marked limi- 
tation of motion, heat, swelling and pain Five blood transfusions of 
275 cc each weie given in five weeks After the last tiansfusion a 
seveie leaction occurred, with chills and repeated emesis at three to foui 
hour intervals for twelve hours Jaundice appeared the following moin- 
ing (grade 3-j- , serum bilirubin content, 12 mg) and peisisted foi 
appi oximately five da 3 '’S Hemoglobinuria appealed and lemained foi 
three days aftei the reaction With the onset of jaundice the swelling 
and pain diminished, the arthritis completely disappeaied and the child 
lemained well for sixteen months after which the symjDtoms letuined 
with less severity 

This case is of inteiest because the jaundice was accomjDanied with 
a severe posttransfusion reaction, marked destruction of led blood cells 
and hemoglobinuria Although it maj'^ be questionable whethei this was 
hemolytic jaundice, the case is included here because the jaundice was 
followed by a i emission of the arthiitis 

Bile contains four main components * (1) bile pigments, (2) bile 
salts, (3) lipoid constituents and (4) mucin It has been geneially 
observed® that of this group, the bile pigments alone leach i datively 
higher levels in the circulation m jaundice of the hemolytic type and 
that both bihiubin and bile salts show higher levels m jaundice of the 
obstructive and toxic type Although the majoiity of the instances 
repoited in the literature indicate that in the cases of jaundice in which 
the most beneficial effect was noted theie was an accompanying use in 
the levels foi serum bilirubin and bile salts, these two substances cannot 
be considered entirel 3 responsible, since we have observed a i emission 
following jaundice (third case) in which the level of bile salts pie- 
sumably was not laised Hence, we determined the effects of bile 
pigments alone of bile salts alone and of bile pigments and bile salts m 
combination There was no appaient reason for determining the effect 
of the other constituents of bile, as thev aie not involved We have 
observed that the seium biliitibin levels® aie lowei for patients with 

4 Wright, S Applied Physiology, ed 4, New York Oxford University 
Press, 1932, p 418 

5 Hawk, P B, and Beigeim O Practical Physiological Chemistr), ed 10, 
Philadelphia, P Blakiston’s Son & Co, 1931 

6 The method of Ernst and Forster gives higher values than the quantitatne 
\an den Bergh test, as the comparison of colors is diiect and measures other pig- 
ments as well as bilirubin Ernst, Z and Forster, T Ueber die Bestimrming 
des Blutbilirubins, Khn Wchnschr 3 2386, 1924 
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chionic atiophic aithntis than foi noimal peisons (table 1) Ihcsc 
findings conhnn the obseivations made by Race ' 

We studied the effect of single and of lepeated intravenous injec- 
tions of bilirubin at various levels of dosage in rabbits The results may 
be briefly summaiized as follows 1 Biliiubin was lapidly excieted 
after single intravenous injections 2 Repeated injections of 20 mg 
of biliiubin pei kilogram of body weight daily for ten days pioduced 
chronic bilirubinemia and letention of the pigment m the tissue 3 No 

Tablh 1 — Semm Biliiubin Values'^ foi Patients with Chionic Atiophic 
Aithiifis and jot Nonnal Peisons 


Paticntb With Chronic Itrophic Arthritis ^ornlul Peisons 
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* The Trust Porster method vas u'cd 

t This patient had chrome atrophic arthritis and coronary thrombosis 

toxic effects weie noted duimg the adrainistiation or at autopsy 4 The 
single fatal dose of bilirubin was 175 to 200 mg per kdogiam These 
findings indicated that the excietion of biliiubin was rapid, even with 
lepeated doses but that the tissue took up sufficient pigment so that 
slight bilirubinemia peisisted 

Three patients with chronic atrophic aithntis weie gnen a senes of 
lepeated injections of biliiubin m doses of 10 to 15 mg pei kilogiam 
daily Observations on these patients demonstrated that bilnubm is 
lapidly but not completely excieted fiom the blood aftei repeated injec- 


7 Race, J Biochemical Investigations in Chronic Rheumatic Diseases, m 
Report on Chronic Rheumatic Diseases London, H K Lewis &. Co , Ltd , 1935, 
no 1, p 61 


484 


ARCHIVES OF INTERNAL MEDICINE 


tions Slight hyperbilii ubinemia developed, and theie was sufficient 
retention in the tissues to pioduce icteius (table 2 and chait 1) Little 
or no symptomatic impiovement was noted m this gioup 

It should be mentioned heie that many investigators ® hai^e injected 
bilirubin into patients as a test of hepatic function or foi othei pui poses, 
but no mention has been made of the effect of this substance on the 
symptoms of atrophic aithntis 

We then tiled the admimstiation of bile salt alone (dechohn sodium) 
to ten patients with chronic atiophic arthritis They weie given intia- 
venously 2 Gm of the salt daily foi nine to twelve days Little oi no 
symptomatic improA^ement uas noted This is confirmatoiy of the 
1 esults of Hench ^ 

The next step was the emplo 3 unent of bilnubm and bile salt togethei 

The animal experiments were lepeated, using- bihiubm at 20 mg pei 
kilogram and the sodium salt of dehydi ochohc acid “ in doses of 40 mg 

8 (a) von Bergwann, G Zur funktionellen Pathologic der Leber insbesondere 

der Alkohol-Aetiologie der Cirrhose, Klin Wchnschr 6 776, 1927 (h) Eilbott 

W Funktionsprufung der Leber mittels Bilirubinbelastung, Ztschi f khn Med 
106 S29, 1927 (c) Harrop, G A , Jr , and Barron, E S G The Excretion of 

Intravenously Injected Bihrubin as a Test of Liver Function, J Clin Investigation 
9 577, 1931 (d) Soffer, L J Bilirubin as a Test for Liver Function During 

Normal Pregnancy, Bull Johns Hopkins Hosp 52 365, 1933 (c) Soffer, L J, 

and Paulson, M Residual Damage m Catarrhal Jaundice as Determined 
by the Bilirubin Excretion Test, Aich Int Med 53 809 (June) 1934 (/) 

Rosenthal, S M Modern Methods of Testing Liver Function, M Ann District of 
Columbia 1 294, 1932 (g) Ruhbaum, W N, and Matheja, W Leberfunk- 

tionsproben bei latenter Leberschadigung, Klin Wchnschr 14 1568, 1935 (/i) 

Fulde, W Wert und Methodik verschiedener Leberfunktionsprufungen fur 
Klinik und Praxis, ibid 14 1201, 1935 (?) Kalk, H Klmische Untersuchungen 
uber die Frage des latenten Leberschadens, Deutsche med Wchnschr 58 1078, 
1119 and 1160, 1932 (;) Dragstedt, C A, and Mills, AI A Bilirubinaemia and 

Bromsulphalein Retention, Proc Soc Exper Biol & Med 34 467, 1936 (k) 

Takane, S Ueber den Emfluss verschiedener Narkosemittel auf die Leber- 
funktion Experimentelle Untersuchungen mit Bilirubin und Kongorot, Arch f 
klin Chir 170 672, 1932 (/) Scholderer, H Disappearance of Injected Bilirubin 
from Blood Stream, in Cameron, A T , and Gilmour, C R The Biochemistrv 
of Medicine, London, J & A Churchill, 1933 (?«) Rabinowitch, I AI Renal 

Threshold of Bilirubin, J Biol Chem 97 163, 1932 (n) Saiki, Sanetoshi 

Experimental Investigation on the Fate of Bilirubin Introduced into the Blood 
Vessels, Jap J Gastroenterol 2 203, 1930 , 3 1, 119, 123, 192, 195, 197 and 203, 
1931 (o) A'larengo, G, and Alassimello, F Der Emfluss der Tachidrolo- 

Decholin-A'Iischspritze auf die Bilirubmamie und die Diurese, Arch f exper Path 
u Pharmakol 178 486, 1935 (fi) Greene, C H, and Snell, A AI Studies in 
the Aletabolism of the Bile, J Biol Chem 78 691, 1928 (q) Elliott, C A , and 
Nadler, W H Diseases of the Liver, m Tice, F Practice of Aledicme, Hagers- 
town, Aid, W F Prior Company, Inc, 1921, \ol 7, p 80 

9 Hench, P S Personal communication to the authors 

10 Dechohn sodium vas obtained from Riedel-de Haen, Inc, New York 
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pei kilogiam Ihis bile salt ^\as selected as it is appaientl} less toxic 
intiaA enoLisl}" than some othei bile salts In addition to the pievious 
leseaich, we studied the functional capacity of the livei (bioin- 
sulphalein test) 

A biief summaiy of this study is as follows 1 In single doses the 
clearance of bilirubin was essentially the same with bile salt as with 
bilnubin used alone 2 With repeated administration theie appealed 
a slightl}'- gieatei letention of pigment in the blood and tissues when bile 
salt was added to the bihiubin 3 No evidences of toxicity appealed 
duiing 01 after the admimstiation or at autopsy 

A patient hawng chionic nonspecific atrophic aithiitis was selected 
He was given daity doses of 10 mg of bihiubm per kilogiam intia- 
venously for foui days, and on the fifth, sixth and seventh days 40 mg 
of decholin sodium pei kilogiam was added to the infusion This was 



Chart 1 — The clearance of bilirubin from the blood stream after repeated 
injections of bilirubin (10 ing: per kilogram) X. indicates 5 mg ai d X 15 
mg of bilirubin per kilogram 

done in Older to contiast the cftects of bilnubin alone with the effects 
of bilirubin and bile salt combined Aftei four injections of bilirubin, 
slight icteius developed, but no relief of symptoms was noted, both 
knees and one ankle remaining waim, swollen and painful Howevei, 
within eight hours aftei the fifth infusion (bilnubin and bile salt) 
marked lelief from pain in all the involved joints appealed He stated 
that foi the fiist time in six months he had slept entnely thiough the 
night without being awakened by pain In addition, the swelling of the 
joints had diminished slightl}^ and he was moie icteric The seium 

11 Weigand F A Diuretic Action of Intravenous Sodium Dehvdrocholate 
TAMA 105 2034 (Dec 21) 1935 Steiner, R F , Bartle, H J and Lvon 
B B V The Cholagogue Effect of the Intra\enous Injection of Sodium Deln- 
drocholate with a Resume of the Literature on Bile Salt Metabolism, Am T M Sc 
182 822, 1931 
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bilnubin content twenty-four hours aftei tins infusion was 2 81 mg 
pel hundred cubic centimeteis (chart 2 , case 1) The \an den Bcigh 
leaction was indirect After the two succeeding injections the aiticulai 
swelling rapidly diminished, and the analgesia has peisisted up to the 
time of wanting (five months) This reiersal of symptoms came on so 
dramatically and suddenly that one immcdiatei} notes the simiiaiiU 
betw'een this case and the lepoited cases of analgesia occuning clmicall} 
with jaundice 

Again, foi pin poses of contiast, the mixture of bile salt and bilirubin 
was given to a patient wdio had pieviously received bilnubin alone wnth- 
out beneficial effect on the arthritis The first infusion of biluubm and 
bile salt, in a ratio of 10 mg to 40 mg , lespectively, pei kilogiam, was 
follow'ed wnthin eight houis by relief of pain The patient stated the 


CASE 1 CASE 2 



Chart 2 — Case 1 shows the clearance of bilirubin alone and the effect of 
adding bile salt Tiic dose ivas 10 mg of bilirubin and 40 mg of bile salt per 
kilogram, Xi indicates that bile salt was not used in the injection X indicates 
a dose of IS mg of bilirubin per kilogram Case 2 shows the clearance of 
bilirubin after intra\enous injections of bilirubin alone and of bilirubin and bile 
salt (same patient) Xi indicates a dose of 5 mg and X 4 , a dose of 20 mg of 
bilirubin per kilogram 

next day, T stepped out of bed this moinmg, and lU) feet and hands 
felt as thought I never had had arthritis ” The scleras w^ere icteric 
The swelling had subsided soinewdiat, and none of the iniohed joints 
w'eie painful The seium bilnubin level at tw^enty-four hours w'as 2 4 mg 
per hundred cubic centimeters (chait 2, case 2) A second and a thud 
infusion were given, only 5 mg of bilirubin and 40 mg of bile salt pei 
kilogiam being used After these twm infusions there was some pain in 
the joints, and, as he said, “the results weie not neatly as good as on the 
first daj, ” For the fourth injection there was a 10 to 40 mg per kilo- 
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giain latio of bihiubin to bile salt, and this lesiilted in complete 
analgesia The fifth injection contained 20 mg of biliiubm and 40 mg 
of bile salt The sixth, seventh and final injections employed 10 mg of 
bilirubin and 40 mg of bile salt pei kilogiam The patient stated that 
the joints were better than they had been foi a j^ear The swelling had 
diminished, pain had disappeaied and he iias definitely icteiic The 
serum biliiubin level was 3 12 mg per hundred cubic centimeteis This 
1 emission lasted three weeks, at which time the pain and swelling 
leturned as befoie the administration This case indicates some con ela- 
tion between the serum bilirubin level and the analgesia, i e , when 
10 mg of bilirubin (and bile salt) pei kilogram was given, it pioduced a 
theoretical use m the serum bilnubm level of 14 mg pei hundied cubic 
centimeters, with lesultmg analgesia, but 5 mg of biluubm pei kilogram, 
producing a theoretical use in the seium bilirubin level of 7 mg pei 
hundred cubic centimeteis, did not result in analgesia This obseivation 
also indicated that since theie was apparently an analgesic seium bilirubin 
level, each dose should reach this oi a slightly highei level Hence, in 
the succeeding cases this dosage was employed unless for expeiimental 
or othei reasons it was altered 

The combination of biliiubin and bile salt was then given to eight 
patients with chronic atrophic arthritis A summaiy of the data foi 
these patients is tabulated in table 3 The two cases just cited are 
included in the summaiy 

Briefly, the observations are as follows Of ten patients, thiee 
leceived seven, two, eight, three, nine, one ten, and one, eleven daily 
infusions of bilirubin and bile salt The fiist obseivable icteius in the 
eyes was noted aftei the first to the foiiith injection This became gen- 
eralized aftei two to eight injections However, vaijung degiees of 
intensity were noted, as a general lule the icterus became pi ogi essively 
more marked with each succeeding injection The obseivable jaundice 
disappeared from fouiteen to twenty-three days aftei the last adminis- 
tration A diminution of the swelling was noted aftei one to nine infu- 
sions Analgesia was noted after one to seven injections and peisisted 
for varying inten als, the shortest period being tw elve days The longest 
period cannot be detei mined as five patients have had no letuin of pain 
up to the time of wilting (elapsed inteivals of five, five and one-half, 
two, one and one month, i espectively ) 

The seium bihiubin levels before the administration and at five 
minute and twenty-foui hour mteivals aftei each injection aie shown in 
table 4 and chaits 3 to 5 (the five minute sample of blood was taken 
fiom a contralateral vein, the twenty-foui houi sample was taken fiom 
a vein just previous to the injection of bilirubin and bile salt into that 
vein) The cleaiance of bilirubin fiom the blood stieam was lapid aftei 
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Chart 4 — The clearance of bilirubin aftei repeated injections of bilirnbiii in 
doses ot 10 or 20 (X,) mg per kilogram with 40 mg of bile salt pei kilogram 
In each case the uppci cnr\e indicates lalues obtained h\e minutes after the 
injection and the lower cune, ealues obtained tweiit\-foui hoins after the 
injection 






492 


ARCHIVES OF INTERNAL MEDICINE 


both single and repeated infusions of the mixtuie of bilirubin and bile 
salt However, aftei the lepeated administration there was a use in the 
twenty-foui houi levels Despite these low levels for bilirubin in the 
blood at ti\ enty-foui hours, theie was sufficient retention in the tissues 
to produce vaiying degrees of icterus The serum bilirubin appeared to 
be of exogenous origin, since the levels for the five minute samples 
appioximated or were lower than the theoretical levels The obtaining 
of low values at five minutes may be due to the lapid cleaiance of bili- 
lubin from the blood stieam 

■] 

Reactions occuried in some of the patients receiving bilirubin and 
bile salt From a total of eighty-five infusions, fifteen reactions appealed 
in SIX patients Four patients had no leactions These leactions were 


CASE 10 



CASE II 

Z7| 

» 

2J 

21 

23 

22 



Chart 5 — The clearance of bilirubin after repeated injections of bilirubin in 
doses of 10 or 15 (Xs) mg of bilirubin with 40 mg of bile salt per kilogram In 
each case the upper curve indicates values obtained five minutes after the injection, 
and the lower curve, values obtained twenty-four hours after the injection 


local 01 geneial Local reactions occuired when the same vein was 
used foi consecutive injections General leactions were immediate or 
delayed The immediate reactions observed were flushing of the face, 
tacltycardia and subjective sensations of fulness in the head and head- 
ache Dela)'ed reactions occuired one to two hours aftei injection and 
consisted of nausea, vomiting, chills, a temperature of 99 to 101 F and, 
subjectively, a dull ache in the back or head All general reactions were 
of short duiation and nevei appeared dangerous The only medication 
required was 30 drops of aromatic spirit of ammonia, which promptly 
leheA'ed the immediate general reaction Slight diuresis occuired in 
these patients, and loose stools were noted occasionally 


12 Dragstedt, C A Personal communication to the authors 
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There appeared to be no toxic eflfects othei than the reactions Tests 
of renal function (phenolsulfonphthalem) and tests of concentration 
and dilution (Mosenthal), as well as daily urinary examination, 
exhibited no evidence of renal damage before, during oi aftei 
the administiation No evidence of hepatic damage fas judged by the 
bromsulphalein hepatic function test w^as revealed In addition, the 
clearance of bilirubin from the blood was indicative of the functional 
capacity of the liver Additional laboratoiy data w^eie obtained from 
complete blood counts, agglutination titers of the seium to hemol}tic 
and gi een-producing stieptococci, sedimentation lates fWesteigren) and 
cultures fiom foci of infections These studies weie made immediately 
before and after the series of tests Except for the change m sedimenta- 
tion rate and the appearance of bile pigments in the uiine, no note- 
worthy changes occurred (table 5) 

Since neither bilirubin nor bile salt alone has an analgesic effect, the 
mechanism of their combined action is somewhat problematic The 
first question that pi esented itself \vas Is there a higher and more pei - 
sistent hj'perbilirubinemia ivhen bihiubin and bile salt are used togethei 
than when bilirubin is used alone ^ The obseivatioiis on the patients 
and on rabbits indicate that there is a slightly highei and more pei- 
sistent hyperbilirubinemia wdien the two are used togethei than wdien 
bilirubin is used alone However, the differences are not sti iking, and 
the clinical relief of symptoms has not been sufficiently parallel to the 
degree of bilirubinemia to peimit one to draw' any conclusions 

When we first employed this solution, we encounteied seveial diffi- 
culties, but eventually we arrived at the followang technic of pieparation 
wdiich has been successful in oui hands 

Sufficient tenth-normal sodium carbonate for complete solution of the 
bilirubin (w'e have used 20 to 30 cc to 0 1 Gm ) is brought to the 
point of boiling The bilirubin is added, and the mixture is allow'ed 
to stand for one hour, wuth occasional gentle agitation The solution 
IS then passed thiough a Seitz filtei A sterile solution of bile salt is 
added to the filtrate The solution is piotected from the light at all 
tunes This final solution is steiile and is administeied intravenously 
by the giaxity method direct!) after piepaiation No difficulties have 
lieen encounteied w'hen we hare prepared the solution in this mannei 

CONCLUSIONS 

Confirmatoi) of the lepoits of others, it w'as found that the adminis- 
tration of bile salt was wuthout beneficial effect on the symptoms of 
chronic ati opine arthritis Bilirubin alone employed similarly gave no 

13 Todd, J C, and Sanford, A H Clinical Diagnosis by Laboratorj 
Methods, Philadelphia, W B Saunders Compam, 1932, pp 94 and 100 

14 \on Bergmann'"' Eilhott®’’ Harrop and Barron®'' 
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beneficial eflrects Howevei, the combination of bibiubm and bile salt 
had an ameliorating effect on the symptoms of atrophic aithiitis 

The mechanism of this action is not obvious, but it seems cleai fiom 
these studies that one can produce aitificial jaundice which appaienth 
duplicates the effect observed b)’^ various workeis when clinical jaundice 
Intel venes in cases of atiophic aithntis 

DISCUSSION OF PAPERS BY HENCH AND BY THOMPSON 

AND WYATT 

Dr Nathan Sidel, Boston These papers have been interesting to me, because 
of the report which Dr Abrams and I malde on jaundice in arthritis, mention of 
which Di Hench was Kind enough to include in his paper Since the publication 
of our report in 1934 I have seen four other patients who showed the analgesic 
eftect of jaundice on their arthritic pain Tw^o of these patients had obstructne 
jaundice due to carcinoma of the head of the pancreas, and the articular con- 
dition w'as osteo-arthritis, but there was onl}’- slight improvement The othci 
two patients presented rheumatoid arthritis, and with the onset of catarrhal jaundice 
the articular pain was markedly alleviated It would be superfluous for me to 
state how' dramatic the improvement is in such cases, since this has been empha- 
sized by Dr Hench and Dr Thompson 

My first experience ivith bile salt therapy in arthritis was the giving of bile 
salts by mouth to the first patient m our series after his jaundice cleared This 
was in 1933, and whereas the patient previously had to take 8 to 10 tablets of 
cicetylsahcjdic acid daily for relief, he felt better with the bile salts and has con- 
tinued this program ever since However, this therapy w'as not successful in the 
other cases In 1934 I tried decholin sodium intravenously w'lth ten arthritic 
patients, but there w'as no relief This is consistent with the conclusion drawn 
from ivork of Dr Thompson, that decholin sodium by itself w’as of no value 

I hope that commercial houses ivill not exploit bile salts for arthritis in view 
of the “jaundice analgesia ” I look on jaundice as a temporary palliative but not 
as a cuie for arthritis Is it possible that there is a certain hepatic substance, 
call It an x substance, that ma}' be helpful when the patient wnth arthritis takes 
cinchophen wnthout obtaining toxic effects but that is excreted m excess if jaundice 
occurs, thus giving marked relief of the arthritis^ 

Willi \M B R'VWls, New^ York During the past five jears my colleagues 
and I have been studying the hepatic function of patients wnth rheumatoid arthritis 
Di Hench’s report that W'as published in July 1933, in which he pointed out the 
relief of arthritic pain noted during jaundice, suggested to us that arthritis might 
be i elated to hepatic dysfunction Although one of our patients had had relief 
from pain during jaundice, w'e had not considered a possible relation until Dr 
Hench’s first report appeared 

In another investigation, wdiich included the giving of cinchophen as a clinical 
test to determine the reliability of cutaneous tests wuth cinchophen, urticaria 
developed in nine of the patients In five of them there w^as almost complete 
cessation of pain, lasting for ten days in one case to six months in another This 
occurred in cases in wdiich urticaria w'as severe and lasted for more than fi^e 
davs As a rule W'hen urticaria w'as mild, cither there was no relief from pain 
or the relief w^as onl}' temporary 

Determinations w'ere made of the galactose tolerance, hippuric acid excretion, 
azorubm S excretion, bilirubin excretion, icterus index, ^an den Bergh reaction 
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cholesterol ester content, total cholesterol content and albumin-globuhn ratio m 
most cases, sometimes before and after the administration of cmchophen When 
there was relief from arthritic symptoms, the icterus index, the bilirubin content of 
the blood and the proportion of cholesterol esters to total cholesterol were increased 
Cmchophen toxicity occurred in forty-eight patients, including nine with 
urticaria For fifteen of them the icterus index was determined before cmchophen 
was administered and again after cmchophen toxicity developed It was increased 
3 points in six cases and from 5 to 7 points in four others If the icterus 
index remained below 10, there was no relief from symptoms, oi the relief was 
only slight and temporary If the index was above 10, symptomatic relief was 
usually more marked and more lasting Those patients with an icterus index 
above 10 were considered subictenc Hench reported one case in his first series 
and four cases m the present series in which relief was obtained apparently 
during the subictenc stage We decided to test the accuracy of icterus index 
determinations Repeated readings for a number of specimens indicated a mean 
technical error of 0 7 The icterus index showed a mean variation of 1 8 from 
day to day when taken under similar conditions This indicated that variations of 
2 or more points, such as those just mentioned, are significant 

In one case m which mild jaundice developed, lasting for two weeks, there 
was almost complete cessation of symptoms, but they returned ten dajs after the 
disappearance of jaundice In two other cases of mild jaundice there was com- 
plete cessation of symptoms, lasting for about one month In two instances the 
arthritic symptoms were worse even though the icterus index was increased to 
10 and 12, respectively Our failure to obtain cessation of symptoms for as 
long as was obtained by Drs Hench and Thompson was probably due to the 
milder degree of jaundice As Dr Hench has pointed out, it seems to be a 
quantitative rather than a qualitative action 

In a number of cases there was a definite decrease m the ratio of cholesteiol 
esters to total cholesterol after cmchophen toxicity developed In one instance 
the esters were 64 per cent of the total cholesterol content before the administration 
of cmchophen and 40 per cent after symptoms of toxicity developed The icterus 
index increased from 5 4 to 87 There was relief of symptoms for ten days 
In view of the possibility that increased values for serum bilirubin might be 
a factor in these cases, a number of patients were given intravenous injections 
of bilirubin, but without appreciable effect on the articular symptoms Since hear- 
ing Dr Thompson’s paper, I am convinced that tins was due to insufficient dosage, 
because our dose never exceeded 3 mg per kilogram of body weight This dose 
gives only a slight increase m the serum bilirubin content after four hours Our 
experience with bilirubin has been rather limited, owing to the high cost of the 
drug Further study is needed to determine whether an increase m the bilirubin 
content is responsible for the relief of pain in these cases 

We have also used the sodium salt of dehydrocholic acid (decholm sodium) 
in a large number of cases Ten cubic centimeters of 20 per cent solution was 
given intravenously two or three times each week for foui to six weeks or until 
eight or ten injections had been given Although improvement seemed to occur 
m some cases, this drug should be used only for hepatic dysfunction and not as 
a treatment for arthritis Its action is probably due to the increased production 
of bile, which relieves some of the toxicity present 

These observations suggest that the relation between jaundice and the lelief 
of arthritic pain should receive further stud 3 ^ 
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Dr H M Margolis, Pittsburgh The observations of Dr Hench and of 
Drs Thompson and Wyatt are most interesting, and since they aie m line with 
certain preliminary studies that my colleagues and I ha\e been carrying out in Pitts- 
burgh, I should like to relate briefly our expeiience 

In view of the fact that the occurrence of a significant degree of jaundice, 
from anj cause, frequently inactivates completely an arthritic piocess foi the 
duration of the icterus, we studied the theiapeutic effect of certain components 
of the icteric state in cases of active rheumatoid arthritis Because it was most 
easily available, we studied first the effect of the sodium salt of dehydrochohc acid 
(dechohn sodium), a salt of one of the bile acids, which we injected intravenously 
dailv o^er a period of a week We employed this procedure for se\eral patients 
with rheumatoid arthritis in whom the chief disabilit}^ was caused b\ pain, peri- 
articular swelling, stiffness and soieness Although in one case the effect during 
the first few daj^s seemed encouraging, it was soon evident that this improvement 
was merely coincidental, for the subsequent expeiience was different and I found 
no appreciable benefit from the administration of the bile salts The results were 
so clearcut that further therapeutic trial of bile salts m arthritis was not attempted 
In view of the possibility that the relation of jaundice to impio\ement in the 
arthritic state may depend on some pi oduct of hepatic degeneration, we studied the 
effect of the intravenous and intramuscular injection of auto^'zed liver, which 
was supplied me bj”- Dr W S McEllroy, of the University of Pittsburgh This 
preparation, which Dr McEllroy has employed in the treatment of pernicious 
anemia, is made by adding a dilute solution of hydrochloric acid to minced beef liver 
to which small amounts of chlorofonn are added as a preservatne, the mixture 
being shaken, placed in an incubator and allowed to undergo autoljsis for an 
average of ten days, during which time it is shaken daily At the end of ten 
days the undigested material is removed by filtration Some of this filtrate was 
used after the reaction to neutrality had been adjusted and after sterilization by 
Berkefeld filtration Since this preparation contains various products of protein 
degradation which are likely to produce severe reactions, the material was diluted 
in physiologic solution of sodium chloride or 5 per cent solution of dextrose The 
intravenous injection of such a solution of autob'zed liver in two cases of atrophic 
arthritis produced distinct exacerbation of the symptoms of pain, stiffness and 
soreness During the course of a series of injections, improvement did not occur, 
but rather an exacerbation of all the symptoms The adverse effect was so clearly 
evident that this procedure also was discarded 

During all this time I felt that the relief of arthiitic pain afforded by the 
icteric state is probably effected not by any single chemical factor but by some 
combination of factors inherent in the jaundiced state I am glad to find that 
the observations of Dr Thompson and Dr Wyatt confirm this view to a large 
extent While we did not attempt any study with pure bilirubin or a combination 
of bilirubin and bile salts, as Dr Thompson did, we played with the idea that the 
perfect experiment would be the administration to such arthritic patients of whole 
bile, if some way could be devised to eliminate the known high toxicity of bile 
To study the toxicity of whole bile. Dr McEllroy and I injected into a dog a 
preparation of ox bile intravenously Toxic manifestations resulted immediately, 
with nausea and vomiting and, later, evidence of cerebral confusion and motor 
incoordination, from which the dog recovered, however, within twent 3 -four hours 
This reaction was so marked that we did not feel justified in repeating the experi- 
ment clinically, particularly since it was evident that such large amounts of 
whole bile would be required that it would be distinctly hazardous That is as far 
as our experiments have gone, but we aie still intensely interested in the problem 
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of devising some means of duplicating that biologic state which, in spontaneous 
jaundice, produces these frequently lemarkafale clinical remissions in the arthritic 
patient The present report by Dr Thompson and Dr Wyatt points the way to 
further study along this line — studies which may give some cue to ceitain bio- 
chemical factors capable of influencing the arthritic state favorably 

I can testify to one other point brought out by Dr Hench— that the effect 
of jaundice is somehow selective for rheumatoid arthritis and is apparenth 
ineffective in gout This was observed in one of my gouty patients recentlj, in 
whom an acute exacerbation of gouty arthritis was preceded by acute hepatitis 
with jaundice The gouty arthritis in this case appeared, in fact, during the 
course of the icterus 

Dr Philip S Hench, Rochester, Alinn When Dr Thompson first wrote 
me last December about his studies, I was greatly interested Afany of the 
difficulties I have encountered in my study of the phenomenon would be eradicated 
were one able to produce at ivill nontoxic jaundice of standard pattern, relativelv 
uniform in tjpe, duration and intensity In my cases of spontaneous jaundice 
there were many variables to contend with the variable duration, extent and 
intensity of the rheumatism, and the different types, intensity and duration of 
the jaundice These differences taught me something about the potenc3’^ of the 
reaction and the effectiveness of different types of jaundice but made it difficult 
to form other than tentative conclusions on certain points With one group of 
variables under control, it should be easier to isolate the agent responsible foi 
the phenomenon and the mechanism whereby it works 

It will be noted that I am discussing the procedure of Drs Thompson and 
Wyatt not as a therapeutic measure, not as an end in itself, but as a means to an 
end Dr Thompson and I agree on that point I hope that no one will con- 
clude that jaundice cures rheumatism and that this type of artificial jaundice is 
the long-sought cure for the disease To adopt the term therapeutic jaundice 
at this stage would be forcing a bud to premature flowering It would court 
the disappointment of patients and obscure a better goal — z form of treatment 
simpler, more rational and probabty much more effective By adopting this point 
of viewq liow^ever, I am not belittling Dr Thompson’s work in the least I beliere 
that he has made a most important contribution to the problem, and if his pro- 
cedure can be readily repeated with equally successful results, he has taken 

us a long step toward the solution of the problem First, he has demonstrated 

a method for successfullj producing apparently harmless “jaundice,” or hj'per- 
bilirubinemia, which should be of value in studying a number of physiologic and 
clinical problems other than the one under discussion 

Di Thompson’s study leads to the conclusion that there is some potent leac- 
tion between bilirubin and bile salts w'hich is responsible for the phenomenon, 
and It may be so As noted in ray paper, I have been unwilling to stress the 

importance of bilirubin for various reasons Among other phenomena, pregnancv, 

w'hich seems to have little or nothing to do wuth bilirubin, often provokes a 
similarly effective if less dramatic remission in atrophic arthritis A colleague 
and I are about to publish details of a study made on about twenty pregnant 
arthritic women, almost all of whom noted marked amelioration or complete 
disappearance of sj'mptoms of arthritis when they became pregnant If this 
represents a chemical “control,” I wonder if nature in the last analysis has more 
than one w'av of controlling the arthritic process There should be some common 
denominator between the tw^o reactions, and, offhand, bilirubin seems to be 
excluded If my four patients who told me their relief came before jaundice w'as 
visible were correct, either bilirubin is not responsible, or small amounts are 
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eftectne — an idea contradicted bj certain data It is of course possible that the 
tour patients had unrecog-nized jaundice, but if tliej did not ha-ve or e\en if 
the}, had, subclinical jaundice it suggests that significant excesses of bilirubin 
are not required 

The stud} implies also that bile salts are in part responsible for the relief 
Certain claims hate been made in Europe lor bile salt therap} in arthritis But 
if a significant increase of bile salts is necessar} foi the reaction it seems that 
I should not hate seen the phenomenon continue ttitli jaundice m the presence of 
set ere hepatitis tt hen presumabh there is a reduction, not an increase in circulating 
bile salts The obsertation that ttto patients did not obtain relief after four 
doses of bilirubin but did obtain relief tthen bile salts tvas added to the fifth 
dose of bilirubin is most interesting but needs further int estigatioii One might 
argue that a cumulating In perbilirubinemia r\as de\ eloping that \\as about to be 
effectne AMthout bile salts HowcAer, Dr Thompson has made no premature 
deductions as to \\hat the agent ma} be He has mereh described a method for 
use m the elucidation of the problem, and as he has said, much further ^\ork 
IS needed to determine hou the reaction induces a remission At least three sub- 
stances are injected large amounts of bihrubm large amounts of sodium 
carbonate and fairh large amounts of bile salt'? The role ot eacli muSt be full} 
established 

About t^\o montlis ago, when Ins results were consistent enough and the 
details of lus technic were worked out. Dr Thompson ga^e me his preliminar} 
plan in order that I might ha\ e some experience w ith it to bring to tins discussion 
He has described Ins technic in fi^e sentences, and the method sounds simple enough 
But to me it is not as simple as it sounds Dr Thompson warned me that 
we might ha^e difficulties at first and we ha^e had them First the strong 
alkali continues to irritate or cause thrombosis in our patients \ems so that the 
matter of gning eight to twehe consecutnc injections to the a\erage thin 
Inposthenic arthritic patient becomes a problem According to Dr Thompson the 
solution must be made fresh daih (a matter ot about two hours) must be 
administered prompt!} and must be kept awa\ trom sunlight at all times to pre\ent 
oxidation of bihnibin It remains to be pro\ed Iiow neces^arx some ot these 
precautions are and whcthei significant oxidation can occur in the ordinarA 
laborator% lighted mainh b} electricitA and with the solutions in glass containers 
which are considered essentialh imperMOUS to light ra}s capable of producing 
much chemical cliange W ill not heating the solution (unless it is under a la} er 
ot nitrogen) produce more oxidation than sunlight or electric light' But these 
technical difficulties will be sohed e\entualh 

In the eight weeks at m^ disposal I ha^e been able to treat onh six patients, 
each with actne atrophic arthritis One became jaundiced, and the serum bilirubin 
content showed se\_eral peaks between 15 and 29 mg But although he recened 
se\enteen injections (some of them m doses of 1 Gm ) he noted no relief One 
patient recened twehe injections and became defimteh jaundiced the serum 
bilirubin content showed scAeral peaks between 10 and 26 mg and he noted 
partial relief onh — perhaps SO per cent for a few da-\s Unfortunateh, Aenous 
thrombosis de\ eloped and A\e could not giAe him nioie injections In an attempt 
to a\oid these reactions we buffered the solution bringing it almost to neutralih 
but two patients treated with sucli a solution had excretion curves totalh different 
from the otliers Neutralization made the solution impotent to produce cumulatne 
h} perbihnibmemia after six injections Our last two patients liaAe recened daih 
doses of 1 Gin of bilirubin and 4 Gm of decholin sodium to produce saturation as 
last as possible They liaAe recened eleven and thirteen daih iniections respec- 
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ti\eh, up to the piesent, both are decidedh jaundiced with the serum bilirubin 
content showing peaks of 25 and 34 mg and low points of 7 9 and 12 5 mg , yet 
neither has jet noted any analgesia (After a few more injections both patients 
experienced considerable relief of pain ) One who had hvdrops and fever has noted 
no change in these features either Thus, ironically, I am so far unable to cor- 
roborate Dr Thompson’s findings, which I should so like to do, since they 
ampl}' corroborate and extend my owm observations on spontaneous jaundice 

Now what IS wTong? I do not believe it is Dr Thompson’s fault I believe 
he IS obtaining the results that he has reported Realizing that a preliminarj 
experience of only eight weeks gives one little right to draw conclusions, I 
merel}’’ wish to state that there must be differences between his technic and mine 
wdnch, though they appear to be minor, are of greater importance than we have 
realized In going over my technic carefullj wnth him I found tw'o oi three little 
differences which may be important, for example, w'e added the bile salts before, 
rather than after, filtration Nevertheless, one must conclude that the procedure 
IS an empiric, not a rationalized, one It is not simply a question of dissolving 
a certain amount of bilirubin in any alkali, adding bile salts and administering the 
mixture The hypothetic x substance may be in or may be engendered by his 
solution but not bv ours, although we have been using the same preparation of 
bilirubin and bile salts (decholin sodium) Is the x substance really dependent 
on his bilirubin-decholm sodium mixture, or is it dependent on something else in 
his solution^ Commercial solutions of bilirubin are not really pure There are 
impurities in the bilirubin that both of us have been using Pure bilirubin con- 
tains 8 95 per cent nitrogen , commercial bilirubin contains 7 2 to 8 3 per cent 
nitrogen Whether this is a factor and whether oxidation is to be avoided or 
actually welcomed, these and other details are to be worked out I am not dis- 
couraged by these preliminary differences in results Indeed, they may help in 
solving the problem In the meantime, they emphasize what was said before 
Dr Thompson is not presenting “therapeutic jaundice,” but when his method is 
standardized and rationalized, it may help in realizing to the fullest the thera- 
peutic implications implied in the phenomenon which I have observed occurring 
with spontaneous jaundice 

Dr Harry E Thompson, Tucson, Ariz Dr Sidel’s results with the 
administration of bile salt alone are similar to ours Dr Rawls has used bilirubin 
alone, but he has given it in doses of only 3 mg per kilogram, and he has not 
employed it in conjunction wuth bile salt 

In regard to Dr Hench’s discussion, when we went over this procedure pre- 
vious to the meeting it was evident that he had not followed the exact procedure 
which I gave him a few' months ago He had made several changes Both he 
and I agree that although these are minor changes, they are perhaps of major 
importance This, I am sure, accounts for differences in our results In an effort 
to confirm our w'ork he has mentioned that one patient was SO per cent improved 
This indicates to me that despite the changes made in the procedure, he was 
sufficiently close at that time to approximate our results in part I think that 
closer adherence to the procedure — both as to the preparation and as to the 
administration — will result in comparable clinical results That nontoxic jaundice 
can be produced is apparent, as Dr Hench has confirmed our work with relation 
to Its production Dr Hench is to be congratulated for his keen observation that 
jaundice mter%enmg clinically may produce a remission in atrophic arthritis 

I, too, am of the opinion that both bilirubin and bile salt should be kept 
free from exploration To exploit such substances, promising as they appear, 
IS undesirable and unw'arranted at this time * 
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I he peiiod coveied by this review is marked chiefly by notable 
achievements in the study of renal function and of the pathogenesis of 
icnal hypei tension These achievements consist m the bringing to 
fiuition of investigations which have covered a considerable time 
These investigations have been chiefly m the field of physiology and of 
expel imental pathology The fruit of the achievements consists m 
providing the clinical investigatoi with sound tools with which to pio- 
ceed IMaii} othei valuable investigations ha\e been repoited, the 
ultimate significance of which is not so apparent Attention will fiist 
be given to those fields in which the pattern of the mosaic may be most 
cleaily discerned 

STUDIES or RENAL FUNCTION 

The modem theory of lenal function, based on the conception of 
glonierulai filtration and tubular resorption, appeals each year to be 
moie firmly established For a long time it has been apparent that there 
IS need ot quantitative methods for the sepaiate measurement of these 
two phases of the secretion of urine Progiess along this line began 
with the measuiement of the urea clearance by Van Slyke and his 
co-workeis The conception of the “clearance” was applied to othei 
substances which are either normally present m the plasma or which 
may be made to appear in it The proposal of Rehberg and Holten 
that creatinine cleaiance could be used as a measuie of glomerular filtra- 
tion has been a fiuitful one, in that it has been subjected to critical 
investigation in the course of which comparisons have been made with 
othei substances, such as suciose, phenolsulfonphthalem (phenol red), 
mulm and seveial other substances A good review of the extensive 
investigations along these lines is to be found m the lecent monograph 
by Homer Smith ^ entitled “The Physiology of the Kidney ” 

From the Department of Medicine, University of Rochester School of Medicine 
and Dentistry, and the Medical Clinic of the Strong Memorial and Rochester 
Municipal Hospitals 

1 Smith, Homer W The Physiology of the Kidney, New York, Oxford 
University Press, 1937 
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In Older to secure a peifect measure of glomeiulai filtration it is 
necessary to measure the clearance of some substance which is not 
reabsorbed in the tubules Richaids, Westfall and Bott - have com- 
pleted conclusive experiments on the use of cieatinine and inulin foi 
this purpose In previous experiments of Hendiix, Westfall and 
Richards, muhn, which has a molecular weight of about 5,000, was 
found in the glomerulai filtrate of Necturi m the same concentration as 
in the plasma Richards takes the inulin clearance as the equivalent 
of glomerular filtration Over a wide range of urinary flow and of 
concentrations of plasma and urine the kidneys of noimal dogs weie 
found to excrete both muhn and cieatmine by glomeiulai filtiation 
Neithei substance was found to be reabsorbed from the tubules either 
actively or by diffusion These authois, however, studied a dog which 
had previously been poisoned with uianium In this case insulin was 
discovered to be excreted consistent!)’- at a fastei late than was cieatmine 
This was taken to indicate that the normal impermeability of the tubules 
to back diffusion of creatinine had been impaired so that 13 pei cent 
was returned to the blood From these observations it appears that 
muhn provides a better measure of glomeiular filtration than cieatmine 
undei some conditions of tubular injury Other types of tubulai mjuiy 
will need to be studied befoie one can be ceitain that similai back 
diffusion of muhn may not occui 

Goldring and Smith® have im estigated the phenolsulfonphthalem 
clearance at low plasma levels as a measuie of tubulai activity, since 
at these low levels most of the dye is bound by the plasma colloids In 
their observations glomerulai filtration was measured by the muhn cleai- 
ance They have attempted to diaw conclusions as to the states of 
function m glomeruli and tubules by changes observed m the phenol- 
sulfonphthalem muhn cleaiance ratios They indicate, howeiei, that 
changes may occur as a result of changes m lenal blood flov 

It appears to me, however, that another phase of phenolsulfon- 
phthalem clearance must be consideied, as a result of some investigations 
of Ehrstiom^ concerning the disappearance of congo red fiom the 
plasma in amyloid disease Ehrstrom found that m certain conditions 
the binding power of the plasma proteins for congo led is impaired 
If this IS true there might also be conditions m which plasma proteins 
would bind phenolsulfonphthalem less securely This would altei the 

2 Richards, A N , Westfall, B B , and Bott, P A Inulin and Creatinine 
Clearances in Dogs, with Notes on Some Late Effects of Uranium Poisoning, J 
Biol Chem 116 749, 1936 

3 Goldring, W , and Smith, H W Differentiation of Glomerular and Tubular 
Function in Glomerulo-Nephritis, Proc Soc Exper Biol & Med 37 180, 1937 

4 Ehrstrom, M C Ueber veranderte physikahsche Eigenschaften der Plasma- 
proteine bei Nephrose, Acta med Scandinav 90 427, 1936 
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noimal lelations between free and bound phenolsulfonphthalein, on 
which the assumptions of Goldnng and Smith weie based 

Winkler and Parra ° compaied the clearances of creatinine, suciose 
and uiea of normal and nephritic subjects The order of magnitude of 
the clearances is cieatinine > sucrose > uiea They vaiy togethei 
Foi noimal subjects the cieatinine clearance was found to be highei 
immediately aftei ingestion of cieatinine, with a tendency to deciease 
with time By subjects with renal disease foi whom these clearances 
^^ele 1 educed, the same relative magnitudes were retained, and a ten- 
dency of the ci eatmine clearance to fall off with time was not observed 

In Copenhagen, studies of the renal function dm mg the couise of 
seal let fever and scailatinal nephiitis have been made by Giam ® Daily 
measurements weie made of the urea clearance and urinary sediment 
Foi 7 patients with scarlet fever and complications othei than nephiitis, 
high clearance values weie found during the fiist ten days Later, 
dm mg the touith and fifth weeks, low values were usually observed 
All patients excieted casts and eiythiocytes at various times In 5 the 
blood piessuie uas normal, in 2 it was elevated The patients with 
seal let level in uhom nephritis developed showed a deciease in uiea 
cleaiance by the end of the first week, in contiast to those in whom 
nephiitis did not develop and for uhom low clearance values were 
obtained mostly in the fourth week 

In othei acute infections, high lates of uiea cleaiance have been 
obseived at the height of the disease In 1931 Goldnng'^ observed high 
values in the acute stage of rheumatic fever, while low values were 
observed during conA'^alescence He ® made similar observations in cases 
of lobai pneumonia Similaily, Fair and Abeinethy'’ obtained high 
values foi young peisons Avith lobai pneumonia, not only during the 
preciitical stage but foi a month afterwaid These high lates of urea 
cleaiance Avere chiefly obsen^ed for peisons under 40 years of age 
For older subjects less elevation Avas found 

5 Winkler, A W, and Parra, J The Measurement of Glomerular Filtration 
Creatinine, Sucrose and Urea Clearances in Subjects Without Renal Disease, 
J Clin Invesfigation 16 859, 1937, The Measurement of Glomerular Filtration 
Creatinine Sucrose and Urea Clearances in Subjects with Renal Disease, ibid 
16 869, 1937 

6 Gram, C N J Renal Function During the Course of Scarlatine and 
Scarlatinal Nephritis, Acta med Scandinav (supp ) 78 778, 1936 

7 Goldring, W Studies of the Kidney in Acute Infection II Observations 
of the Urea Clearance Test in Acute Rheumatic Infection, J Clin Investigation 
10 345, 1931 

8 Goldring, W Kidney in Acute Infection Sediment Count (Addis) in 
Lobar Pneumonia, J Clin Investigation 10 355, 1931 

9 Farr, L E , and Abernethy, T J Renal Physiology in Lobar Pneumonia, 
T Clin Investigation 16 421, 1937 
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ADDIS SEDIMENT COUNTS IN ACUTE INFECTIONS 

In pneumonia Farr and Abernethy ° found no abnormal values foi 
erythrocytes The numbei of casts was usually increased that of the 
hyaline casts especially Granular casts weie found m the cases of 
more severe pneumonia Proteinuiia was generally slight, rarely over 
0 1 Gm of protein being excreted daily Abnormalities of the uiinaiy 
sediment tended to disappeai as the fluid balance was leestabhshed No 
instance of nephritis was observed m tbeir series of 28 patients In 
1931 Goldrmg® observed 2 patients who had diffuse glomerulonephiitis 
during convalescence from pneumonia, but in geneial his findings 
agreed with those of Farr and Abernethy 

Gram® believes that the majority of patients with scailet fever 
have latent nephritis and that the)^ may be gi ouped as follows ( 1 ) those 
with intermittent hematuria but normal blood pressuie and uiea cleai- 
ance, (2) those with constant and piofuse C3dindruria, with either a 
normal or an elevated blood pressure, (3) those with chemically 
demonstrable hematuria, increased blood pressuie and slight edema but 
no azotemia 

This lecalls the work of Lyttle,^® who studied 14 patients ^Mth 
scarlet fever, finding that all showed transient increase m the excretion 
of protein and formed elements in the period fiom eight to foity-fiAe 
days after the onset He said he believed that renal damage iias so 
slight that only unusually careful examination would reveal it and 
that in the majority of cases the nephritis was aborted by a satisfactoi v 
immunologic adjustment 

In a previous review,^^ reference was made to the woik of Goldiing 
and Wykoff, who found that the excietion of foimed elements and 
piotein occurred in excess of normal in 16 cases of iheumatic fevei 

Concerning the prognosis for recovery of children who haA^e had 
postinfectious nephritis, there is some divergence of vievs Boyle, 
Aldrich, Frank and Borowsky followed the urinary sediment counts of 
25 children for periods of one-half to eight 3 '^eais With the exception 
of 1 girl, all showed normal counts In this 1 case, in ivhich occult 
hematuria was present, hydronephrosis was discovered 

On the other hand, Snoke presents the results of a study of 154 
children obseived between 1920 and 1936 in the Stanfoid Childien’s 

10 Lyttle, J D The Addis Sediment Count in Scarlet Feier, T Chn 
Investigation 12 95, 1933 

11 McCann, W S Bright’s Disease A Review of Recent Liteiafure, 
Arch Int Med 55 512 (March) 1935 

12 Boyle, H A , Aldrich, C A , Frank, A, and Borowskj, S The Addis 
Count in Children Following Clinical Recovery from Post-Infectious Nephritis, 
JAMA 108 1496 (May 1) 1937 

13 Snoke, A W Stages, Prognosis and Duration of Glomerular Nephritis 
in Childhood, Am J Dis Child 53 673 (March) 1937 
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Qmic who had glomeiulonephiitis Of these, 37 per cent aie now 
healed, 21 pei cent are dead and 42 pei cent still have active nephiitis 
Snoke feels that in piactically no case can glomei ulonephi itis of more 
than two yeai s’ duration be expected to heal He estimates the eventual 
moitahty late in this series of cases at 40 pei cent The peisistence of 
latent glomerulonephritis is frequently missed unless quantitative exami- 
nation of properly concentiated urine is made 

In the accompanying table are recorded the sediment counts obsei ved 
by Boyle and his co-workers for patients who had lecoveied from 
glomerulonephritis, compared with the various noimal standards of 
Addis, Lyttle,^“ Goldiing’® and Naeraa 


Scdwient Counts fo> Child) cn JVho Had Rccoveicd fiom Nepluifis Compaied 
zvith Noimal Standaids of V anons Aufhois 



Status of ^umbel of 

Child Casts 

Aumber of 
Erythrocytes 

Number of 
Leulocytes and 
Epithelial Cells 

Boile 

After recovery 0 18,611 
from nephritis 3,401 

0 114,000 

19,817 

0 990,000 

337,000 

■Vddis 

Normal 0 4,270 

1,040 

0 425,500 
65,750 

32,400 1,835,000 
322,500 

Li ttle 

formal 012,916 

1,085 ±123 

0 129,900 

15,181 ± 1,400 

9,000 2,822,000 
322,184 ± 25,500 

Goldring 

Normal 0 9,200 

1,300 

0 1,530,000 
146,000 

24,000 2,430,000 
540,000 


* Tho uppei figures represent the range of varintion, md the lower figure represents the 
mean value 


PREVENTION OF GLOMERULONEPHRITIS 

Peters and Cullum have compared the statistics on the incidence 
of scarlet fever and of scailatinal nephritis in the Ham Green Hospital 
in Bristol, England, for the period fiom 1910 to 1936 The incidences 
taried, but in the period from 1930 to 1934 an especially low incidence 
of nephritis was noted During this period Peters was administering 
thyroid and iodine to the patients duimg the fiist fortnight of the 

14 Addis, T Clinical Classification of Bright’s Disease, TAMA 
85 163 (July 18) 1925 

15 Lyttle, J D Addis Count m Normal Children, J Clin Investigation 
12 87, 1933 

16 Goldring, W Clinical Application of Sediment Count (Addis) Am J 
M Sc 182 105, 1931 

17 Naeraa, A Om Addis’ unnsediment bestemmels, Hospitalstid 77 1444 
1934 

18 Peters, B A , and Cullum, I M A Study in Prevention Brit AT J 1 1020 
(Alay 15) 1937 
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disease The diffeience in incidence was 2 3 times the standaid deMa- 
tion and seemed significant Howevei, during the following 3'^ear scailet 
fevei was vei} seA^eie, and the incidence of nephritis inci eased in spite 
of this method of treatment Theieon, alternate patients weie used as 
controls for a comparison of the effects of the thyioid and iodine treat- 
ment and foi the er^aluation of Osman’s alkalmization treatment in the 
pievention of nephritis after scarlet fever Foi Osman’s method theie 
were 124 test cases and 134 controls, with no significant differences in 
the incidence of albuminuiia and nephritis For the thyroid and iodine 
tieatment there Aveie 165 test cases and 162 controls, with no significant 
differences between them It appears, therefore, that the evaluation of 
preventive measuies in such a vaiiable disease is better accomplished 
by studying alternate cases than by obseivation of year to yeai Aaiiations 
It IS apparent also that means of prevention of postscailatinal nephiitis, 
apait from the prevention of scailet fevei aie still to be found 

EXPERIMENTAL NEPHROTOXIC NEPHRITIS 

In a pievious ievieAV^“ mention was made of the pioduction of 
nephiitis by Masugi and by Smadel, who used a nephiotoxic seium 
Smadel and Fair-® lepoit the clinical and functional studies of the 
experimental nephiitis thus pioduced Clinically it is characteiized by 
albuminuria, cyhndruiia and anasarca but not by hematuria The 
rapidit} of Its deAelopment varies with the dose of nephrotoxin, ranging 
from two weeks to eleven months The milder forms progress to renal 
insufficiency by stages resembling those of diffuse glomerulonephiitis 
in man Clevei methods are described for determination of the uiea 
cleaiance of lats, together Avith the method of Moberg for measuiement 
of the blood piessuie of these small animals 

Smadel-^ describes the lesions in the kidneys of rats with nephiitis 
They are characteiized by the eaily swelling of the intercapillary sub- 
stance of the glomerular tuft Thrombi were present only m those 
cases m which anaphylactoid leactions occuired, and these were due to 
othei factors than pure nephiotoxin Tubular degeneration was noted, 
follow'^ed latei by scan mg of glomeruli and tubules and by widespread 
vascular disease, AVith secondaiy changes in the heart and brain and 
elseAvhei e 

19 McCann, W S Bright’s Disease A Review of Recent Literature, Arch 
Int Med 60 167 (July) 1937 

20 Smadel, J E , and Farr, Lee E Experimental Nephritis m Rats Induced 
by Injection of Anti-Kidnej’’ Serum II Clinical and Functional Studies, J 
Exper Med 65 527, 1937 

21 Smadel, J E Pathological Studies of the Acute and Chronic Disease, J 
Exper Med 65 541, 1937 
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Swift and Smadel “ lepoit that they weie able to pi event the 
inj 111 ions effects of the administration of nephiotoxic seium b) giving a 
saline extiact of lat kidney intravenously to lats befoie injection of the 
nephrotoxic seium The nephrotoxic effect AAas not inhibited by the 
admmistiation of a similai extract of lat liver, although this extiact 
\\as capable of absorbing the nephrotoxin in vitro 

Fail and Smadel have studied the effects of diet on the couise 
of nephiotoxic nephiitis m rats uhich xecened a single injection of 
nephiotoxin These were divided into thiee groups and weie given 
thiee types of diets ^^hlch weie isocaloiic, as follows (1) 5 per cent 
piotein, 64 per cent carbohydrate and 27 per cent fat, (2) 18 pei 
cent protein, 51 per cent carboh)^drate and 27 pei cent fat, (3) 40 
pel cent piotein, 29 per cent caibohydrate and 27 pei cent fat Foi 
all till ee the same salt mixture and sources of vitamins ei e used 

In gioup 1, 13 of the 15 lats survived, and the evidences of nephritis 
had disappeared in eight and one-half months At this point 5 of the 
lats were given diet 3, and in the ensuing months 3 of them showed 
albumin and casts m the unne, though they had noimal lenal function 
In every animal on diet 3 piogressive nephiitis de^ eloped, and all 
but 2 weie dead of lenal failuie in six months 

On diet 2, 8 of the 15 were dead of lenal failuie in five and one- 
half months Of the lemamdei, 6 veie definitely abnoimal and 1 
1 ecovered 

It is appaient fiom these studies that the couise of expeiimental 
nephritis is markedly and adversely influenced by a high piopoition of 
protein in the diet It appears to me that these lesults should be 
examined in the light of what constitutes a normal diet foi the lat and 
for man It must not be too readily assumed that because excessive 
pioportions of protein aie harmful, normal piopoitions will also prove 
to be so The normal diet of man, given wide and fiee choice, will be 
found to deiive about 15 per cent of its caloiies fiom piotein Normal 
Eskimos toleiate proportions as high as 45 pei cent It may well be 
that excessively high propoitions will be found to ha-\e an adveise effect 
on the course of nephiitis in man This should not be taken as an 
excuse for protein starvation, since clinical studies by Keutmann and 
McCann"^ of human beings have revealed no ad^eise effects from a 
lation of piotein sufficient to permit deposition of piotein to leplace 

22 Swift, H r and Smadel, J E Experimental Nephritis in Rats Induced 
b^ Injection of Anti-Kidney Serum IV Prevention of the Injurious Effects 
of Nephrotoxin in Vivo by Kidney Extract, J Exper !Med 65 557 1937 

23 Fan, L E, and Smadel, J E Influence of Diet on the Couise of 
Nephrotoxic Nephritis in Rats, Proc Soc Expei Biol & Med 36 472, 1937 

24 Keutmann, E H , and McCann, W S Dietary Protein in Hemorrhagic 
Bright’s Disease, J Chn Investigation 9 973, 1932 
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laige losses thiough albuminuna Keutmann and Bassett-' piesent 
data which show that maximal synthesis of new protein may be achieved 
with diets which are veil vithin the limits of a normal intake of piotein 
and which could b}*^ no means be considered high in protein 

Beaiing on this same question is a papei by Blatheiwick and 
Medial,-’' who pioduced chionic nephritis in lats by feeding diets high 
m piotein, some containing as much as 72 to 75 pei cent liver or casein 
Some of their diets which consisted of 25 pei cent milk piotein and 
12 per cent beef piotein led to renal injury, but diets in which the 
piotein was as low as 20 pei cent apparently did not produce these 
1 esults 

HYPERTENSION IN NEPHROTOXIC NEPHRITIS 

Ai nott Kellai and Mathew -" produced nephritis by the method of 
Masugi If one kidney was deneivated prior to induction of nephiitis, 
the anatomic changes pioduced were identical m the two kidneys 
Hypertension was observed in the animals with expeiimental nephiitis 
It was found that the development of hypertension could be prevented 
by denervation of the kidne 3 's befoie induction of nephritis If deneiva- 
tion was carried out afterw^ard, the hypertension was terminated These 
1 esults aie similar to those lepoited by these authois previously con- 
cerning the hypei tension of oxalate nephritis 

HYPERTENSION PRODUCED B\ RENAL ISCHEMIA 

Goldblatt has lecently leviewed his own work on the pioduction 
of hypertension m dogs by means of lenal ischemia induced by means 
of metal clamps applied to the lenal aiteries, togethei with the accumu- 
lating evidence of the formation of a humoial pressoi substance in the 
ischemic kidneys This substance is believed to act independently of 
the nervous mechanism of the kidney, and in Goldblatt’s opinion it is 
independent of the endocrine glands, with the possible exception of the 
adienal cortex He gives a tabulai review of the various proceduies 
of other investigatois by means of w'hich transient hypertension has 
been produced by renal mjur)’- 

25 Keutmann, E H , and Bassett, S H Dietary Protein m Hemorrhagic 
Bright’s Disease II The Effect of Diet on Serum Proteins, Proteinuria and 
Tissue Protein, J Chn Investigation 14 853, 1935 

26 Blatherwick, N R , and Medlar, E M Chronic Nephritis m Rats Fed 
High Protein Diets, Arch Int Med 59 572 (April) 1937 

27 Arnott, W M , Kellar, R J , and Mathew, G D Hypertension Asso- 
ciated wuth Experimental Serum Nephritis, Edinburgh M J 44 205, 1937 

28 Goldblatt, H Studies on Experimental Hypertension V The Pathogenesis 
of Experimental Hypertension Due to Renal Ischemia, Ann Int Med 11 69, 
1937 
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Goldblatt, Gloss and Hanzal haAC found that excision of the 
lowei foul doisal sympathetic ganglions and the thoracic portion of 
the splanchnic nerves on both sides does not prevent, cure oi perma- 
nently lower the h}pei tension pioduced by renal ischemia 

Goldblatt reports success in Ins efforts to produce hypertension 
111 giant macaques by the same means (clamps on renal aiteries) pie- 
vioush used on dogs Tiansient hypertension is produced by unilateial 
application of a clamp, a persistent elevation of both systolic and 
diastolic piessures folloivs the bilateral application 

Child and Glenn accomplished denervation of a dog’s kidney by 
tiansplanting it completely to the pelvis and giving it a blood supply 
fiom the femoral vessels Application of the clamp, with the production 
of ischemia, caused transient hypei tension Alpert, Alving and Crim- 
son peifoimed total sympathectomy on a dog with sustained hypei - 
tension produced by a Goldblatt clamp The blood pressure fell but 
remained above the control level When the clamps were applied to a 
dog Avliich had pieviously been subjected to total sympathectomy, hypei - 
tension w as produced 

Wood and Cash repoit the production of persistent hypei tension 
m dogs by means of Goldblatt’s clamps 

Hariison, Blalock, Mason and Williams®'* have obtained pressoi 
effects from saline extracts of dog kidneys when these extracts weie 
gnen to lats anesthetized Avith pentobarbital sodium Extracts from 
normal dog kidney produced a significant rise in blood piessure, but 
extracts from kidnejs lendered ischemic produced a greater rise When 
one kidney onl} Avas rendered ischemic, its extiact gave a gi eater 
piessoi 1 espouse than did the noimal kidney from the other side 

29 Goldblatt, H Gross, J , and Hanzal, R F Studies on Experimental 
HA'pertension II The Effect of Resection of Splanchnic Nerves on Experi- 
mental Renal H} pertension, J Exper Med 65 233, 1937 

30 Goldblatt H Studies m Experimental Hypertension III The Produc- 
tion of Persistent Hj pertension in MonkeA's (Macaque) by Renal Ischemia, J 
Exper Aled 65 671, 1937 

31 Child, C C, and Glenn, F Experimental Hypertension in Dogs bj 
Constricting the Artery of a Single Transplanted KidneA% Proc Soc Exper 
Biol & Med 37 217, 1937 

32 Alpert, L K , Alvmg, A S , and Crimson, K S Effect of Total Syni- 
pathectomi on Experimental Renal Hypertension in Dogs, Proc Soc Exper 
Biol & Aled 37 1, 1937 

33 Wood, J E, Jr, and Cash, J R Experimental Hypertension ObserA^a- 
tions on Sustained Elevation of SAStolic and Diastolic Blood Pressure m Dogs, 
J Clin Investigation 15 543, 1936 

34 Harrison, T R , Blalock, A , Mason, M F , and Williams, J R , Jr 
Relation of Kidneys to Blood Pressure Effects of Extracts of Kidneys of Normal 
Dogs and of Dogs Avith Renal Hypertension on Blood Pressure of Rats Arch 
Int Med 60 1058 (Dec) 1937 
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Fiom the foregoing review it is cleai that Goldblatt’s findings have 
leceived ample confiiination by several woikeis It seems to be well 
established that the hypei tension pioduced by lenal ischemia is of 
humoral oiigin and independent of the renal innervation The piessoi 
substance appeals to arise within the ischemic kidne} 

HYPERTENSION IN RELATION TO PYELONEPHRITIS 

Longcope desci ibes chi onic pyelonephritis of adults of hematog- 
enous oiigin, usually with insidious beginnings but occasionally haiing 
as an onset acute pyonephiitis Infection with Bacillus coh is usually 
lesponsible The slow, insidious pi ogress ovei a peiiod of yeais may 
lead ultimately to lenal insufficiency, fiequently but not aluays asso- 
ciated with intermittent or peisistent hypertension Hemoiihagic 
letinitis may occui, but arteiioscleiosis is not a conspicuous featuie, 
in fact, arteiiolar sclerosis was minimal in his cases post moitem 

The recognition of the disease dining life is facilitated by uiinaiy 
cultures and by intravenous p 3 'elogiams, which reveal dilatation ot the 
ureteis m the absence of obstiuction and necuhar defoimities of the 
pelves and cahces In 3 of 9 fatal cases the disoidei nas associated 
with diffuse glomeiulonephritis 

A good description of the pathologic anatonu of p^elonephiitic 
conti acted kidneys is given by Staemmler and Dopheide These 
wi iters desci ibe the widening of the lueteis and the distoitions and 
niegularities of the pelves without obwous obstiuction, the veiy iiiegu- 
lai conti action and scan mg of the lenal parench)una nhich is moie 
maiked than that to be expected in hydronephrotic kidneis and the 
veiy moderate changes in the mucosa of the pelves, ureteis and bladdei 
Micioscopically these kidneys show a chionic inflammatoiy piocess 
with slowly piogiessing obhteiation of the coitex. which completely 
disappeais in some places and assumes a thyioid-hke appeal ance in 
others Glomeiuli show adhesions, in some places theie is h}alinization, 
and in othei places theie is leplacement by a gianulation-like tissue 

These cases recall the report of Wilson and Schloss who desci ibed 
the pathologic changes in the kidneys of infants with p}uiia The 
kidneys weie the seat of an inteistitial suppuiative piocess with foci 
which ranged all the way fiom simple clusteis of mononucleai and 
potymoiphonucleai cells neai blood vessels to fiank abscesses Changes 

35 Longcope, Warfield T Chronic Bilateral Pyelonephritis Its Origin 
and Its Association with Hypertension, Ann Int Med 11 149, 1937 

36 Staemmler, M , and Dopheide, W Die pvelonephritische Schrumpf iiere, 
Virchows Arch f path Anat 277 713, 1930 

37 Wilson, J R, and Schloss, O M Pathology of So-Called “Acute P^ehtIs” 
m Infants, Am J Dis Child 38 227 (Aug ) 1929 
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in the pelves, ureteis and bladdei diffeied fiom those occuning with 
obstiuction of the unnai}'’ tract, which haAe been well desciibed lecently 
by Helmholz 

Butlei has lecentl}'’ le^Doited 15 cases of chionic pyelonephi itis in 
childien which was associated with Itypertension ovei a peiiod of yeais 
befoie theie Avas appreciable diminution of renal function Six of these 
patients died and 9 aie living Tavo cases of unilateral pyelonephi itis 
Avith hypei tension are reported in Avhich lemoval of the infected kidney 
lelieved the hypertension Butlei points out the difficulty in many 
cases of tiying to decide AAliethei one is dealing Avith primaiy vasculai 
hypei tension oi secondaiy lenal hypei tension In some cases of 
pyelonephritic contracted kidney the aiteiiolai scleiosis may be like that 
of nephrosclei osis, and the lelative effects of infection and A'^asculai 
change may be difficult to ca aluate It is also to be recalled that patients 
Avith malignant hypei tension fiequentl}^ give a histoiy of antecedent 
lenal infection 

RENAL LESIONS IN TOXEMIA OE PREGNANCY 

The close i elation betAAeen the foiegoing discussion and toxemia 
of piegnancy is emphasized by Zimmeiman and Peteis'-*® in a levieAA of 
23 cases of death due to “toxemias of pregnancy” Chaiacteiistic 
tubulai and glomeiulai lesions AA'-eie usually piesent in those dying in 
an acute eclamptic state, but they AAeie not noted exclusively in 
eclampsia Lesions characteristic of malignant nephioscleiosis Avere 
fiequently seen It appears that a A'ariety of infectious and vasculai 
lenal diseases may act as the predisposing cause of toxemia of pieg- 
nancy As Zimmerman and Peters expiess it, “Piegnancy gives them 
a distinctiA^e coloration and an explosn^e chaiactei ” 

NEPHROSES 

Talbott, Coombs and Consolazio desciibe the electiolyte balance 
dining lecoA'^ery from meicuiial nephiosis, beginning on the seA'^enth 
day and extending through fiA'^e months, of a patient Avho had been 
anuiic foi SIX da^s They obsened (1) depletion of the base and 

38 Helmholz H F Infection of the Renal Parenchjma from the Pehns 

of the Kidney, Am J Dis Child 54 1 (Jub') 1937 

39 Butler, A M Chronic P}’^elonephritis and Arterial Hypertension, J Clin 
Iin estigation 16 889, 1937 

40 Zimmerman, H M , and Peters, J P Pathology of the Pregnancy Tox- 
emias, J Clin Investigation 16 397, 1937 

41 Talbott, J H , Coombs, F S , and Consolazio, W V Electrolyte Balance 
During Recovery from Mercury Bichloride Poisoning, Arch Int Med 60 301 
(Aug) 1937 
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chloride of the body, (2) inciease in the content of undetermined acid, 
(3) letention of phosphates and nitiogenous pioducts and (4) loss of 
seiLim piotein and hemoglobin 

Kerkhof ■*- discusses colloid osmotic piessure as a factoi in the 
foimation and absoiption of edema fluid Using the method of Schade 
he found the normal colloidal osmotic piessure to be 21 4 ±: 2 5 mm of 
mercuiy in man and 18 5 mm in dogs In nephrosis and nephritis the 
colloid osmotic pressure is usually lowei than 15 and often as low as 
8 mm A.t 16 mm , edema fluid eithei is not present or is in process of 
absoiption He uses solution of acacia to obtain diuresis by laising 
the colloid osmotic piessuie In spite of previous reports of disastious 
lesults of giving solution of acacia, Lepoie recommends it He 
believes that the deleterious effects can be avoided and that in selected 
cases It is of value He finds doses of 30 Gm of acacia effective and 
employs it in 6 per cent solution 

McMastei ** has made a compaiative study of the lymphatic vessels 
and the flow of lymph in the skin of subjects with cardiac or nith 
lenal edema (the lattei without hypei tension or heart failure) He 
employed intradermal injections of small amounts of a vital dye 
“patent blue V,’’ and studied the effects of postuie, activity and venous 
obstiuction on lymph flow 

In both caidiac and nephrotic edema the lymphatic vessels veie 
patent In cardiac edema there was stagnation of the lymph, in contiast 
to the nephrotic edema, in which the flow of lymph was greater than 
noimal, even during peiiods of fluid equilibrium, and extiaordinaiily 
lapid duiing periods of diuresis 

McMastei believes that the lymphatic vessels aie so dilated in 
caidiac edema that the A^alves aie incompetent He seems to have 
overlooked the significance of the high venous pressure in heart failuie 
which tends to impede the return of lymph to the venous sj'^stem 

Ehrstiom^ reports an investigation which has an important beaiing 
on the use of the congo red test in the nephroses, in which the d)e 
disappeais lapidly from the blood stream, paiticulaily in amyloid dis- 
ease This disappearance of dye cannot be accounted foi entirety b}' 
its appeal ance in the urine When he tested the plasma of normal men 
by adding congo red in vitro, he found that the dye was so bound by 

42 Kerkhof, A. C Plasma Colloid Osmotic Pressure as a Factor in Edema 
Formation and Edema Absorption, Ann Int Med 11 867, 1937 

43 Lepore, M J Acacia Therapv in Nephrotic Edema, Ann Int Med 
11 285, 1937 

44 McMaster, P D The Lymphatics and Lj^mph Flow in the Edematous 
Skin of Cardiac and Renal Disease, J Exper Med 65 373, 1937, Changes ir the 
Cutaneous Lymphatics of Human Beings and in Lymph Flow Under Normal 
and Pathological Conditions, ibid 65 347, 1937 
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the proteins that little of it could be iemo\ecl by shaking with animal 
charcoal When the same test was applied to plasma fiom patients 
showing massive albuminuiia, it was found that the dye was looseh 
bound so that a large pait of it could be lemoved by charcoal These 
investigations show that this alteration in the plasma is not characteristic 
of amyloid disease alone but occuis m other nephi opathologic conditions 
in which massive albuminuria and tubulai degeneration occui, even in 
a case of seiere chronic passive congestion of the kidneys This phe- 
nomenon IS looked on as piimanly due to changes in the plasma pioteins 
themselves 

Anothei iin estigation which has similai implications as to alteiation 
ot the plasma proteins is that of Kendall He finds that the familiai 
globulin, which is insoluble in water but soluble in dilute salt solution, is 
composed ot two watei -soluble fractions, alpha globulin and globulin x 
which may be separated by a specific precipitin Kendall finds that nor- 
mal serum globulin is about 55 per cent alpha globulin and that noimal 
serum contains 11 to 2 1 Gm of alpha globulin and 0 4 to 1 Gm of 
globulin X Patients with alcoholic ciirhosis of the livei and otheis with 
chionic nephritis show alterations in the quantities and piopoitions of 
these two fractions 

Briggs^'" reports an inteiesting study of the formation of ammonia 
b} the kidneys in nephrosis B) coi relating data on the ratio of 
ammonia to excess excretion of acid and the rate of flow of urine, he 
finds in nephrosis evidence that the tubules tend to lespond to the 
stimulus of acid in them by an unusually high secietion of ammonia 
He believes that in nephrosis the low volume of uime, which is found 
m spite of normal glomerular filtration, is due to excessive resorption 
ot threshold substances, and he believes that this may be a contnbutoiy 
tactor in the production of nephrotic edema 

A study has been made by Keutinann and Bassett^" of the factors 
which influence proteinuria They observed simultaneous increase in 
the piotein content of the urine and the urea clearance when the protein 
of the diet was increased, when diuretics were administered or when 
the volume of the blood plasma was increased by transfusion of plasma 
They conclude that the protein content of the Uiine laries with 

45 Kendall, F E Studies on Serum Proteins I Identification of a Single 
Serum Globulin by Immunological Means , Its Distribution in the Sera of Normal 
Individuals and of Patients with Cirrhosis of the Liver and with Chronic Glomerulo- 
nephritis, J Clin Investigation 16 921, 1937 

46 Briggs, A P Functional Activity of Renal Epithelium m Certain Types 
of Nephritis as Indicated by Secretion of Ammonia, Arch Int Med 60 193 
(Aug) 1937 

47 Keutmann, E H , and Bassett, S H Studies on the Alechanism of Pro- 
teinuria, J Clin Investigation 16 767, 1937 
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glomeiulai peimeability, with the late of glomerulai filtiation, with the 
amount of ^e^^ mateiial piesent in the diet oi in reseiA^es of the body 
fiom which plasma pioteins may be deiived, and Avith aitificial inciease 
of the plasma piotem content, such as follovA^s tiansfusion 

"hepatorenal syndrome" 

The teim hepatoienal s)mdiome appears fiequentl)^ m the hteiatuie 
In the minds of some it connotes serous inflammatoiy edema of the 
kidney, occuning m some cases of severe hepatic injun^ teiminating 
in anuria and uremia Nonnenbiuch finds that this lesion of the 
kidney is not inAaiiably piesent The distuibance of lenal function 
may be of extiarenal origin This syndrome ma)^ occui in a ivide 
vaiiety of states, langing fiom Weil’s disease to food poisoning 

Elsom studied 16 patients with obstiuctn'^e jaundice and 1 nith 
aisenical hepatitis, who ga\e evidence of lenal mjui}’^ The urine con- 
tained an excessive numbei of casts, epithelial cells and leukocytes 
Hematuria and albuminuiia weie inconspicuous The uiea cleaiance 
was fiequently reduced As the jaundice subsided, eiidences of lenal 
injuiy disappeared 

HYPERPARATHYROIDISM IN RENAL DISEASE 

Highman and Hamilton have shown that theie is an mci eased 
activity of the parathyroid glands in chronic renal disease, as measuied 
by the method of Hamilton and Schwaitz This method consists of 
injecting the blood to be tested into rabbits and obseiving the degiee 
of increase in the calcium content of the seium which ensues if paia- 
thyioid hoimone is piesent 

After daily injection of phosphate into rabbits, hypeiplasia of the 
parathyroid glands was obseived by Diake, Albiight and Castleman 
These expeiiments elucidate the method b)'^ means of Avhich such Inpei- 
plasia may arise in chronic lenal insufficiency with phosphate letention 

MISCELLANEOUS REPORTS 

Bliss'^" ofiteis an inteiesting explanation of the ulceiative stomatitis 
sometimes seen in uieinic patients He found urease jnesent in the 

48 Nonnenbruch, W Ueber das entzundliche Odem der Nieie und das hepato- 
renale Syndrome, Deutsche med Wchnscbr 63 7 (Jan ) 1937 

49 Elsom, K A Renal Function in Obstructive Jaundice, Arch Int Med 
60 1028 (Dec) 1937 

50 Highman, W J, Jr, and Hamilton, B Hvperparathvioidism in Kidnei 
Disease, J Clm Investigation 16 103, 1937 

51 Drake, T G , Albright, F, and Castleman, B Parathyroid Hyperplasia 
m Rabbits Produced by Parenteral Phosphate Administration J Chn Ini estigation 
16 203, 1937 

52 Bliss, S Cause of Sore IMouth in Nephritis, J Biol Chem 121 425 1937 
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taitai of the teeth When the urea content of the salua js inci eased 
the liberation of ammonia is believed to cause the injuiy to the cheeks 
and gums adjacent to the deposits of taitai To ielie\e the condition, 
taitai should be lemoved 

Gamble has wiitten a masteily study of the lenal defense of 
extiacellulai fluid He studied the watei economy resulting fiom the 
fact that mixtuies of uiea and salt can be lemoved m the mine m 
higher concentrations than can be leached by watei oi salt alone In 
view of the fact that sluggish production of ammonia in chionic nephiitis 
lesults in a deficit of fixed base, an adequate intake of salt is lequired 
to pi event giadual deh3'diation 

53 Gamble, James L Renal Defense of Extracellular Fluid Control of Acid 
Base Excretion and the Factors of Water Expenditure, Bull Tohns Hopkins Hosp 
61 174, 1937 
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Food and the Principles of Dietetics By Robert Hutchison, MD, and 
V H Mottram, MA Eighth edition Price $6 75 Pp 634, with 32 figuies 
and 3 colored plates Baltimore William Wood & Company, 1936 

This book has a proud and honorable record Forty years ago Dr Hutchison 
began giving the students of the London Hospital a course of lectures on dietetics, 
and so gratifying was the reception accorded these lectures that out of them grew 
the present volumes The first edition appeared on this side of the water in 1901 
Ever since, from time to time, repnntings and new editions have been forthcoming 
as often as seemed necessary Each new edition has been much like its pie- 
decessor The ultimate goal always has been to make the subject of dietetics 
interesting, alive and up-to-date , hence, each edition has been written so that it 
IS readable, and whatever minor changes were necessary have been made in the 
text so as to keep the subject matter abreast of the times The eighth edition 
IS no exception 

The Lancet, in 1900, set its stamp of approval on the first edition by saying 
that it was to be cordially recommended as dealing most instructively with a 
subject which is not generally studied with the care which its importance demands 
‘Nowadays we are presented with all manner and kinds of foodstuffs, some 
undoubtedly of value but others undoubtedly worthless, and it is important that 
all those who are concerned with the subject of dietetics (and who are notO 
should have some reliable information upon which to found an opinion ” 

In the United States there has seemed to be slowness in appreciating the sound- 
ness and reliabilitv of the information contained in this book The Archives or 
Internal Medicine, for instance, has nevei before reviewed it, and The Jouuxal 
of the Amencan Medical Association has acknowledged only the third, fifth and 
seventh editions Of the latter, however, it was said (/ A M A 101 953 
[Sept 16] 1933), “It is a valuable textbook for students and practitioners of 
medicine and those desiring a general basic knowledge of foods and nutrition 
All classes of common foods and the important problems of nutiition are given 
appropriate attention References to important original papers are given in foot- 
notes, the subject matter is simpb"^ and clearly presented” What was stated then 
applies with equal fairness now 

At this late date the Archives feels presumptuous in attempting to compliment 
a book so much older and more mature than itself However, a curtsey is dropped 
to the eighth edition with much pleasuie, this edition, like all the others, is a 
sane, practical and stimulating textbook for those desiring a general basic knowl- 
edge of nutrition and its problems 

Endocrinology Clinical Application and Treatment By August A Werner, 
M D , Assistant Professor of Internal Medicine, St Louis University School 
of Medicine Pi ice, S8 50 Pp 672, with 265 illustrations Philadelphia 
Lea & Febiger, 1937 

As the author suggests in his preface to this book, there is at present a great 
demand from the medical profession for information on treatment of endocrine 
conditions He has attempted to meet this demand by supplying a volume, not 
too long, which deals simply with endocrinology and which, so far as possible, is 
devoid of frills 

The book begins with a clear account of the anatomy of the autonomic nervous 
sjstem and the relation of this system to the glands of internal secretion Theie 
follow chapters which deal with the anatomy and physiology of each of the glands 
mdividuallv, which describe the various clinical features that are encountered 
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when the function of one oi more of the endocrine glands is disturbed and which 
discuss treatment of endocrine conditions There are many carefully selected 
illustrations to illuminate the text An excellent bibliography appears at the end 

One of the appealing characteristics of this book is that it is not o^er- 
pretentious The hard-headed clinician will enjoy it because it lays chief emphasis 
on what is known about endocrinology, because it hints so logicall}^ about what 
may be hoped for m the future from endocrinology and because it admits so often 
and so engagingly that in the light of the piesent knowledge of this or that 
complex, no endocrine treatment is of proved value The student will enjoy it 
because it is clearly wiitten and well assembled On the whole it is a good book, 
heartily to be recommended 

Registro e interpretacion de la actividad cardiovascular del lactante 
normal By Angel S Segura, MD Pp 118 Buenos Aires Talleres 
Graficos Alcion, 1937 

This monograph consists of a discussion of the author’s expeiimental studies 
of cardiovascular function in normal infants by objective methods He employed 
the phonocardiograph, electrocardiograph, Frank capsule and other physical instru- 
ments for his observations He made individual and simultaneous recoids of the 
heart sound, electrocardiograms and fontanellar, femoral and tibial pulsations in 
an attempt to observe the time relations between the various phases of the respec- 
tive cardiovascular activities The data on the heart sounds of infants led him to 
conclude that the third heart sound, which is fiequently heard in infants, occuis 
between the first and the second sound and is due to auiiculai systole The 
fontanellar, femoral and tibial pulse waves were studied not only as to time 
relation to vaiious phases of cardiac activity but as to configuration and variations 
with respect to age The phases of the cardiac cycle, heart rate and rhythmlClt^ 
and the electrocardiogram were observed in an effort to establish a noimal and 
to determine the presence of such correlating factors as age and sex 

Many tables and illustrations are dispersed throughout the book and increase 
Its value A general summary, which is given in Spanish, French, English and 
German, is included at the end of the dissertation A bibliography and a brief 
index constitute the final pages of the monograph Segura’s presentation should 
prove of considerable value to those especially inteiested in cardiovasculai 
phvsiology 



News and Comment 


Ella Sachs Plotz Foundation for the Advancement of Scientific Inves- 
tigation — The Ella Sachs Plotz Foundation for the Adiancement of Scientific 
Investigation is now in its fifteenth year Twentv-six giants were made by this 
foundation during 1937, eighteen of which were to scientists outside the United 
States 

Applications for grants to be made during the year 1938-1939 should be sent 
to Di Joseph C Aub, Coll is P Huntington Memorial Hospital, 695 Huntington 
Avenue, Boston, so as to reach him prior to May 1, 1938 There are no formal 
application blanks Letters asking for aid should include a definite statement of 
the qualifications of the investigator, an accurate description of the proposed 
research, the size of the grant requested and the specific use of the money to be 
expended It is highly desirable to include a letter of recommendation from the 
director of the laboratory or clinic in which the work is to be done 

The purposes for which this fund may be used ha\e previously been mentioned 
in the Archives (55 344 [Feb ] 1935) 

American Physiological Society — The American Physiological Societj 
will meet with the federated societies at the Lord Baltimore Hotel, Baltimore, 
March 31 to April 2, 1938 The program includes a consideration of the circu- 
lation, the central nervous system, gastrointestinal motility, the choroid plexus, 
the electrolytes and water balance, endocrinology, the heart, the nerve fibers and 
reflexes, bile secretion, hepatic lipids and the appetite, the special senses and 
general physiology, energy metabolism and anoxia There will be a symposium 
on the last-mentioned subject on the final dav, which will undoubtedly be of 
considerable interest to physiologists and physicians alike 

A special all expense, low rate torn ($41 50 and up) will leave from Chicago 
on Tuesdav afternoon, March 29 

For further particulars address Prof A B Luckhardt, the Umversit}'- of 
Chicago 

Association of American Physicians — The annual meeting of the Associa- 
tion of American Physicians will be held in Atlantic Citj , N J , May 3 to 5, 1938 



Correspondence 


FOUR LEAD ELECTROCARDIOGRAM 

To ihe Edito) — In view of the recent recommendations of the special com- 
mittee of the American Heart Association on chest leads (Standardization of 
Precordial Leads, JAMA 110 395 [Jan 29] 1938, Standardization of 
Precordial Leads, Supplementary Report, ibid 110 681 [Feb 26] 1938), it 
seems worth while to reMse figure IS and table 6 which accompanied our recent 
article on the four lead electrocardiogram (Four Lead Electrocardiogram in 
Cases of Recent Coronary Occlusion, Arch Int Med 61 241 [Feb ] 1938) so 
that they will conform with the recommendations submitted by this committee 
for standardizing chest leads 

We have been accustomed to taking chest leads at Michael Reese Hospital 
with the chest electrode in the fourth intercostal space and m the left para- 
sternal line and with the indifferent electrode on the left leg, the connections 
being arranged so that relative negativity of the precordial electrode causes an 
upright deflection, in our communications this has been called lead IV The 
committee’s first report recommended the reversal of the electrodes so that 
relative positivity of the chest electrode causes an upright deflection In their 
second report the lead employing the location of the chest electrode which we 
have used is designated CFa Accordingly, we have revised figure 15 so as to 
make the following changes (a) we have called the lead IV which we have 
been accustomed to use lead IV — old, (6) w'e have put a plus and a minus sign 
on the electrocardiogram in stage 1 (normal contour) to designate the direction 
the deflections would take when the chest electrode became relatively positive 
and relatively negative with respect to the leg electrode and (c) we have added 
a new column, which we call lead IV — new (CFs) to show the appearance of 
the electrocardiogram with the chest electrode in the position we have employed 
but with the chest and indifferent electrodes arranged as recommended by the 
special committee It will be seen to be a minor image of lead IV — old Rela- 
tive positivity and negativity of the chest electrode with respect to the leg elec- 
trode is shown in this column by a plus or a minus sign as in the preceding 
column 

In this way the reader can correlate the old and the new way of taking chest 
leads and can obtain the sequential diagrammatic picture of typical anterior and 
typical posterior infarction when using the old technic and the new technic for 
taking chest leads This, we believe, should also serve the useful function of 
simplifying the transition from the old to the new style of chest leads for cardi- 
ologists who have been using the old style We believe, on the basis of unpublished 
results, that the appearance of the chest lead will not be materially different 
when the chest electrode is placed over the apex ( IV i ) or in the positions labeled 
by the committee CF-, CF<, CFs (We are still not in favor of the apex position, 
for reasons enumerated in our communication ) 

In table 6 we have changed the column dealing with the direction of the 
deflections in lead IV so that it now expresses the direction of the deflection 
in this lead in terms of the relative potential of the chest electrode with respect 
to the leg electrode Thus this table can now be used with either the old or 
the new technic 
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* Inferior number 4 applies to lead CFa dcseribed in the report of the special committee of the Ameiican Heart Vssociation (Standardisation of Precordial Leads 
Siipplementarj Report, J \ M A 110 G81 [Feb 20] 1933) + or — in this lead indicates the iclatno potential of the ehest electrode with respect to the leg electrode 





Fig 15 (rcMsed) — Diagrammatic illustration of the classic type of changes 
usually found m leads I, III and IV in the stages of development of and recoven 
irom uncomplicated infarctions of the anterior and of the posterior wall due to 
sudden thrombotic closures In each instance the appearance of lead IV, as we 

have been taking it heretofore, is shown side by side with the new lead IV in 

reahtj, lead CFs, according to the recent report of the special committee of the 
American Heart Association published in The Journal of the Amencan Medical 
Association (Standardization of Precordial Leads, Supplementary Report J A 
M A 110 681 [Feb 26] 1938) In lead IV + and — refer to the relatne 
potential of the precordial electrode with respect to the leg electrode 
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We regret that our report was in the process of publication during the time 
that the special committee of the American Heart Association was considering 
the standards to be employed for chest leads so that we could not revise our 
illustrations and data to conform with their report The present communication 
should rectify this situation as far as this particular diagram and table are 
concerned As regards the other illustrations in our previous reports for which 
the old technic was used, we recommend that the reader place a mirror above 
each figure and look at the image in the mirror to obtain the contour of the 
electrocardiogram which would have been obtained if the recommendations of 
the special committee had been followed As regards the text, the reader will 
need to make the following substitutions negative for positne, down for up, 
depressed for elevated inverted for upright and below the iso-electnc line for 
above the iso-electric line and vice versa in order to revise the text to conform 
with the recommendations of the special committee 

A Bohmng, MD, Chicago 
Louis N Katz, M D , Chicago 
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COP\RIGHT, 193S, B\ THE A^IERICA^ MeDICAE ASS0CIATI0^ 


LAURENCE-MOON-BIEDL SYNDROME 

ITS RELATION TO THE GENERAL PROBLEM OF RETINITIS PIGMENTOSA 

JUDAH MARMOR, MD 

AND 

ROBERT K LAMBERT, MD 

NEW YORK 

In lecent }ears, with the advent of newei knowledge conceinmg 
vitamins, hoimones and the autonomic neivous system, many clinician^ 
have shown renew^ed interest m the pioblem of the pathogenesis of 
retinitis pigmentosa As a result patients with this disease ha\e been 
gorged with vitamins, plied with hormones and subjected to ceivical 
sympathectomy in an eftort to airest or cure the condition Without 
wnshing to be theiapeutic nihilists, we believe that these effoits ha^e 
been misguided This belief has been reenforced by a stud) of the 
Laurence-Moon-Biedl syndrome m 2 instances 

In viewf of the fact that classic examples of -the Lauience-Moon- 
Biedl syndiome are so lare as to be of great interest and are full of 
significant implications with regaid to the po!}glanduIai and letinal 
manifestations, it is felt that these cases aie wmrthy of lepoit 

REPORT OF CASES 

Case 1 — A Z , a 12 j^ear old white Cuban boj , was referred on Aug 9, 1935, 
to the consultation service at Mount Sinai Hospital There was no parental 
consanguinity One relative on the father’s side was said to have had polj'^dactyh 
The patient, an only child, w'as born with six toes on each foot, and the extra 
toes were removed shortly after birth His development was apparently normal up 
to the age of 6 years, when his mother noticed that his vision was poor At about 
this time he also began to gam weight rapidly 

Exammafton — The boy was 4 feet and 1134 inches (151 8 cm ) tall and weighed 
13654 pounds (62 Kg ) He was short and obese, with a typical feminine ty pe 
of fat distribution about the breasts and hips and a suprapubic fat pad The face 
was rather large Prominent raphes were on the hard palate The fingers were 
tapering There was a scar of the excised sixth toe on each foot The penis was 
small No pubic hair was present The median raphe and the corrugations of 
the scrotum were lacking The testes had descended The skin was soft and the 
hair silky 


From the Consultation Service of the Mount Smai Hospital and the Neurologic 
Service of the !Montefiore Hospital 
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Examination of the e^es ga\e the following data In both the left and the 
right eie, Msion, corrected, t\as 15/20, with — 0 75 cjd , axis 180° External 
examination showed that the pupillary reactions and muscle balance were normal 
The visual fields (fig 1) were markedlj'' contracted m both e3"es, m the right 
more than in the left, but central vision was well preserved The media were deal, 
and there were no changes in the lens The fundus showed a waxy nerve head 
and thin vessels There was a sparse but definite deposit of pigment in the 
peripheri of each fundus which was superficiallj' placed and of a “bone-corpuscle” 
type 

The patient showed no gloss behavior disturbance and exhibited a rather placid 
disposition His mental age according to the Terman revision of the Bmet-Simon 
test was 9 years, giving an intelligence quotient of 70 and placing him in the high- 
grade moron group The psjchologist described him as a well mannered bo} 
who shoived good cooperation but had slow reactions 

Laboiatoiy Fvidvigs — The blood count was normal Urinalysis showed a faint 
trace of albumin The Kahn reaction of the blood was negative Tests of the 
blood sedimentation rate and dextrose tolerance gave normal results The basal 
metabolic rate was — 16 per cent 



Fig 1 (case 1) — The \isual fields weie plotted with 5 mm test objects 
The color fields were contracted to within 10 degrees of the test object 

A roentgenogram of the skull showed that the sella turcica was normal in size 
and shape No erosion of the clinoid processes, no evidence of increased intra- 
cranial pressure and no unusual shadows in the cranial \ault were observed 

Case 2 — J R, a 14 year old Jewish boy, was admitted to the neurologic 
service of the Montefiore Hospital on June 5, 1934 The parents were born in 
Poland and were first cousins The father was unstable and had a short psychotic 
episode at one time, from which he apparently recovered A brother of the father 
had dementia praecox and was in an institution The mother, who died at the age 
of 44, was said to have had a cardiac disorder and to have suffered from frequent 
convulsne seizures for two years prior to her death After the birth of this son 
she had a postpartum psychosis and was maniacal for five months A brother of 
the mother also had a cardiac disorder and died at the age of 32 The patient’s 
only sibling, a brother 5 years his senior, was normal in all respects except that 
he vas considered to be somewhat below average mentall}'’ 

The patient weighed 6 pounds (2,700 Gm ) at birth, following breech delivery 
He began to walk when IJ/^ years old and to talk at 2 3'ears, in each respect, about 
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SIX months later than his sibling When he \\as 2 3 'ears of age it ^\as noticed that 
he did not see well and that he groped about for objects as though blind When 
he entered school it was noted that he was mentally retarded, and he was placed 
in an ungraded class At the age of 9 he began to put on weight rapidly and soon 
became obese The father said that the boj' drank a great deal of water about this 
time and also urinated a great deal, but he was unable to state how long this con- 
tinued There was no history of any behavior disturbance 

E'lamimUon — ^The boy was 4 feet and 10 inches (147 cm) tall and weighed 
144 pounds (65 Kg ) He was short and markedly obese and appeared three or 



Fig 2 (case 2) — The appearance of the patient at the age of 14 Note the 
failure of descent of the right testicle and syndactyly of the second and third toes 
of both feet (Figures 2 and 3 were reproduced m the volume by L Lichtwitz 
entitled '‘Pathologic der Funktionen und Regulationen,” Leiden, A W Sijthoff’s 
Uitgeversmaatschappij N V , 1936 ) 

four years j'^ounger than his stated age (fig 2) His cheeks were ruddj He 
w'as brachycephalic The hair was of fine texture There was no axillar}'- or 
pubic hair The mouth w^as small and the palate high and arched The teeth 
slanted imvard Bilateral pes planus and genu lalgum were present The penis 
was small and undeveloped The right testis was undescended The left testis 
was small and soft There w’ere striae across the hips The fingers were short 
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and tapering There was polydactyhsm of the right hand (fig 3) Syndactylism 
was present in both feet (second and third toes) Neurologic examination revealed 
no abnormality except hvpotoma There was a small dimple at the upper end of 
the gluteal fold which suggested spina bifida occulta, but a roentgenogram of the 
lower portion of the spine was normal The blood pressure was 110 S}'Stohc and 
80 diastolic 

Examination of the eyes showed that vision was markedly reduced , he was 
able to count fingers at 1 foot (30 cm ) with either eye Vision could not be 
improved with lenses There was moderate divergent strabismus No muscle palsies 
were noted, but there was a constant coarse nystagmus m all directions The 
pupils were markedly eccentric but equal and reacted normally There were no 
posterior lenticular opacities Both nerve heads were pale and vertically oval 
The arteries were extremely thin Around the periphery of the fundus was a 
scattered deposit of superficial pigment Although this did not have the typical 
“bone corpuscle” appearance, the distribution was characteristic of retinitis pig- 
mentosa There was some disorganization of the pigment in both maculae (fig 4) 



Fig 3 (case 2) — Showing the polydactyhsm of the right hand and the short, 
tapering fingers 

Attempts at studies of the visual fields were unsuccessful because of the poor 
visual acuity Central vision seemed absent bilaterally, and the patient was unable 
to fixate an object There was no color vision in either ej'e 

The patient showed no gross behavior disturbance He appeared to be men- 
tally defective His mental age according to the Terman revision of the Binet- 
Simon test was 7 j'ears and 10 months, giving him an intelligence quotient of 54 
and placing him in the low grade moron group However, the psychologist said 
that the rating was probably too low owing to the fact that the patient was handi- 
capped by poor vision This was consistent with the clinical impression 

Laboiatoiy Fmdings — The blood count was normal Urinalysis was normal 
The Wassermann and Kahn reactions of the blood were negative The spinal 
fluid gave a negative Wassermann reaction The cell count, globulin reaction and 
gum mastic curve were all normal The blood sedimentation rate, results of gastric 
analysis and dextrose tolerance were all within normal limits Chemical studv of 
the blood showed calcium, 10 8 mg , phosphorus, 4 6 mg , cholesterol, 201 mg , 
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serum protein, 7 4 Gm (albumin, 4 2 Gm , globulin, 3 2 Gni ) , sugar, 92 mg , and 
urea nitrogen. 111 mg, per hundred cubic centimeters 

The basal metabolic rates on various occasions ranged between — 17 and — 31 
per cent 

Roentgenograms of the skull and sella turcica were normal The long bones 
and epiphysial centers were normal for the patient’s age In the region of the 
fourth finger of the right hand there was an extra digit, consisting of a rudimentarj 
metacarpus and three ^\ell formed phalanges 

Cow sc — Anterior pituitary extract parenterally and desiccated tlnroid orally 
uere administered without demonstrable change in the patient’s condition, either 
subjectively or objectnely The Ausual acuity and the appearance of the fundi did 



Fig 4 (case 2) — The appearance of the fundus Note the pale nerve head, 
narrow \essels, atrophy in the macula and pigmentary deposits m the periphery 

not change A few sparse hairs appeared m the pubic region but not in the axillae 
or over the trunk In July 1937 the patient was 5 feet and inches (159 cm ) 
tall and weighed 175 pounds (79 5 Kg ) 

Swnmaiy — Both of these patients presented a classic example of 
the Laurence-Moon-Biedl syndrome Retinal degenei ation, adiposity, 
genital dystrophy, polydactyly and mental deficiency were observed m 
each instance A famil) histoiy of polydact3dy was present m the first 
case and consanguinity of the parents in the second The fiist patient 
^^as an only child The second patient was one of tuo brothers, the 
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other boy was said to be noimal except foi possible mild mental 
deficiency The fundus m both cases was faiily chaiacteiistic of letinitis 
pigmentosa, but cential Ausion was ^\ell piesened m the first case In 
the second, it was maikedly impaiied, and n}stagmus was piesent The 
adiposit}'^ and genital d 3 ^strophy in both instances were of the so-called 
hypopituitaiy type seen in the Fiohhch syndiome The first patient 
was born with a sixth toe on the lateial aspect of each foot The poly- 
dactyly of the second patient consisted of an extia digit situated 
posterioily in the region of the fouith fingei of the light hand, in 
addition, there was syndactyly of the second and third toes of both feet 
Mentally both patients belonged in the moion gioup, then mental ages 
being appi oximately 9 and 8 years, lespectnely In neithei instance 
was theie any gioss behavior distuibance The laboiatoiy studies in 
both cases revealed no abnormaht}^ except a low metabolic late Roent- 
genograms of the skull and sella tuicica weie noimal Endociine theiapy 
was employed in the second case without pioducing discernible 
improvement 

HISTORICAL REVIEW 

Although the familial occuirence of atypical letinitis pigmentosa, 
stunting of growth, adiposity, hypogenitalism and mental deficiency was 
first desciibed by Laurence and Moon ^ m 1866, it vas not until fift)- 
four years latei, in 1920, that it was lecognized by Baidet" as consti- 
tuting a distinct clinical syndrome Baidet noted that his patient also 
showed polydactyty, and he included this chaiacteiistic as part of the 
syndrome He failed, however to appieciate mental deficienc)’' and the 
familial occuirence as essential paits of the S}ndiome Biedl,® tno 
years latei, in lepoiting 3 cases, lecognized the familial occuirence, 
noted the occasional concomitance of othei malfoimations (atiesia am 
and deformities of the skull) and pointed out that there weie no 
evidences of cerebral tumor or mci eased intiacianial tension Sohs- 
Cohen and Weiss, ^ m 1925, lepoited 4 cases, diew attention to the 
original desciiption by Lauience and IMoon and suggested the name 
Laurence-Moon-Biedl syndrome, by which the condition has since been 
generally known That it might with equal justice have been named the 
Laurence-Moon-Baidet syndrome has been commented on b^ several 
writers 

In the past twelve yeais a numbei of papeis have appealed on the 
subject, and almost 100 cases have now been desciibed, including 38 

1 Laurence, J Z , and Moon, R C Ophtli Re\ 2 32, 1866 

2 Bardet, G Sur un svndronie d’obesite congenitale arec polj^dactvhe et 
retinite pigmentaire, These de Pans, no 470, 1920 

3 Biedl, A Deutsche med Wchnschr 48 1630, 1922 

4 Sohs-Cohen, S , and Weiss E Am J AI Sc 169 489, 1925 
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reports of cases weie disco\eied by Raab ^ in a seaich of the 

liteiatuie piior to 1924 In all, however, not nioie than 50 cases in 
which the complete syndiome was shonn hare been described, the 
remainder being cases m which theie was a paitial syndrome or in 
nhich the diagnosis nas doubtful Reilly and Lissei ° in then com- 
prehensive suivey and summaiy of the hteiature found repoits of a 
total of 77 cases, and in only 25 cases ivas the complete syndiome pre- 
sented In 10 otheis the syndiome was consideied as questionably 
complete In 26 cases theie nas only part of the syndrome, and m 16 
cases the diagnosis nas doubtful More lecently, Cockayne, Krestin 
and Sorsb} have contiibuted an excellent authoi itative study 

CLIKICAL DATA 

The complete syndiome as it is known today consists of six caidinal 
signs — obesity, letinitis pigmentosa, mental deficiency, genital dystiophy, 
familial occuiience and polydactylism, m the ordei of frequency 
Obesity is present in practically all the cases m which there is no doubt 
as to the diagnosis, retinitis pigmentosa and mental deficiency, in ovei 
90 pel cent, genital dystiophy and familial occurience, m about 80 
pei cent, and polydact}!}, in about 60 per cent Othei associated signs 
uhich are less frequently present are shortness of statuie, syndac- 
tylism, nystagmus, deafness, atiesia am, genu valgum, pes planus, 
mici ocephal}^ oxycephaly, congenital heart disease and choieiform 
movements The parents are reported as healthy in the majority of 
cases, but consanguinity was noted in more than a third of the cases 
in which It was looked for The syndiome has been described m 
lepresentatnes of almost all laces and nationalities According to 
Cockayne and his co-uoikers, there is a genuine preponderance of males 
ovei females, in the proportion of 61 to 40 

DIAGNOSIS 

It should be emphasized that it is not necessaiy to have all six caidinal 
signs present in order to make a presumptive diagnosis of the Lauience- 
Moon-Biedl syndiome The association of retinitis pigmentosa, obesity 
and genital dystiophy is in itself enough to raise the suspicion that one 
IS dealing with an allied condition or a partial syndrome Generally 
speaking, one would hesitate to make the diagnosis m the absence of 
retinal degeneration Weiss® however, has described as representing 

5 Raab, W ^Ylen Arch f inn !Med 7*443, 1924 

6 Reilly, W A , and Lisser, H Endocrinology 16 337, 1932 

7 Cockayne, E A , Krestin, D, and Sorsbj, A Quart J Med 4 93, 1935 

8 Weiss, E Am J Sc 183 268, 1932 
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variants of the Laurence-Moon-Biedl syndiome the cases of 2 sisteis 
who showed adiposity, mental deficienc), genital dystiophy and ner\e 
deafness He said he considered the nerve deafness as an equivalent of 
or substitute foi retinal degeneiation and pointed out that these dis- 
orders are not infrequentl}'’ associated We ha^e encounteied in the 
past yeai several patients with adiposity, genital d3'^sti ophy and a pecuhai 
waxy appeal ance of the optic disks, and we believe that these cases also 
are allied to the Laurence-Moon-Biedl gioup, despite the absence of 
polydactyly oi tyjjical retinal pigmentaiy degeneiation This group of 
cases will be desciibed in a separate papei It need only be mentioned 
here that it is of importance to distinguish such conditions from other 
types of adiposogenital dystroph}'^ with which they might be leadil} 
confused The absence of aii}^ roentgenologic evidence of an intia- 
sellar or supiasellar pathologic condition and the appeal ance at an earl}^ 
age of optic palloi, atypical retinal changes, nai rowing of the letinal 
vessels and gross impaiiment of vision without increased intracranial 
pressuie or othei adequate cause are the chief features which set these 
cases apart from cases of other forms of adiposogenital dystrophy 

PATHOGENESIS 

The pathogenesis of the syndrome has been the subject of considei- 
able discussion The earlier writers, m desciibing these cases, held the 
pituitary gland responsible Biedl,^ in 1922, finding the sella tuicica 
normal in his 3 cases, rejected the hypophysial theoiy and said he con- 
sidered the disease as due to a diencephalic lesion In 1924 Raab ® 
suggested that a high or massive doisum sellae Mas causing pressuie 
on the infundibular stalk, thus disturbing the passage of secretion fiom 
the posterioi lobe of the hypophysis to the flooi of the third ventricle 
Raab’s views aie no longer consideied tenable Ornsteen,® m 1932, 
suggested that the concomitant association of obesit} , genital dystrophy, 
retinitis pigmentosa and mental deficienc}'^ is due to a developmental 
defect of the ectopic zone of the prosencephalon, since the hypothalamus, 
infundibulum, optic chiasm, retina and end biam all take oiigin from 
this zone He said he considered the skeletal defects (such as poly- 
dactyhsm) the result of accidental coupling of defective somatic genotypic 
characters In 1935 Cockayne and his co-umikeis" and Jenkins and 
Poncher,’^® Mriting independently, laised the legitimate objection to 
Ornsteen’s theory that the coupling of so laie an anomaly as polydactyl) 
occurred too frequently to be adequatelv explained on an accidental 
basis They suggested, instead, that the s}ndiome is due to mutation of 

9 Ornsteen, A AI Am J M Sc 183 256, 1932 

10 Jenkins, R L , and Poncher, H G Pathogenesis of Laurence-BiedI Syn- 
drome, Am J Dis Child 50 178 (Tuly) 1935 
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two genes m the same chromosome and is inherited as an autosomal 
lecessive characteristic Prioiity for this suggestion is gnen b}'- these 
authors to Riegei and Trauner 

Cockayne has pointed out that the polydactyly and othei skeletal 
abnormalities aie due to a mesoblastic defect, while the lest of the 
syndrome is dependent on a defect m the prosencephalon, which is 
epiblastic, and that it is therefore highly unlikely that mutation of a 
single gene is responsible foi the entire syndiome In cases in which 
polydactyly does not occur, howevei, and in cases of a paitial syndrome 
of the type we have mentioned, in which the defect is entiiely ectodeimal, 
substitution of a single recessive gene could account foi the disease 

Recently Macklin,^- m a detailed genetic study based chiefly on 
Cockayne’s data, stated the conclusion that the complete s} ndi ome “ma} 
be dependent upon tvo factors, both of which aie necessaiy befoie 
the disease becomes evident, one of which is dominant and autosomal, 
and the other sex-linked recessive ” 

PATHOLOGIC PICTURE 

Until one year ago no case of the Lauience-j\Ioon-Biedl syndiome 
had been studied histologically, although Bauer had lepoited the 
normal gioss appearance of the brain m 1 case He neglected, howeiei, 
to make microscopic studies 

In 1936 van Bogaert and Boiiemans published the hist detailed 
anatomic study of the brain of 1 of these patients Unfoitunately, pei- 
mission was evidently not obtained for examination of any othei organs, 
since no mention is made of them m the repoit The cerebium, according 
to the authors, was entiiely normal except foi small areas of h} aline 
neciosis in the hypophysial stalk These weie considered of no specific 
clinical physiopathologic significance, since they are seen m various 
other unrelated conditions The pituitary gland and hypothalamus were 
normal both grossly and mici oscopically, as was the lemaindei of the 
central nervous system There w^as hyperostosis frontalis interna in 
the anterior cranial fossa “These negative findings,” according to the 
authors, “permit one to exclude with certainty the theory which con- 
siders that a malformation or tiauma at biith, m the diencephalo- 
hypoph)fseal region, is at the basis of the retino-endociine syndiome of 
Laui ence-Bardet ” It is apparent that further postmortem studies of 
this syndiome will be necessaiy before an3Thing like a clear picture 
of the pathologic basis emerges It is to be hoped, moieoiei, that such 

11 Riegei, H, and Trauner, R Ztschr f Augenh 68 235, 1929 

12 Mackhn, M T J Hered 27 97, 1936 

13 Bauer, cited by van Bogaert and Borremans 

14 van Bogaert, L , and Borremans, P Ann de med 39 54, 1936 
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studies will include an examination of othei glands of internal secietion 
besides the hypophysis 

OCULAR FINDINGS 

A distuibance in vision, paiticulaily night blindness, is fiequently 
the fiist symptom to attiact attention in these cases This may occui 
early m life N}stagmus ma}’’ he piesent. in the foim of coarse searching 
moAements, depending on the loss of cential vision 

In all the oiiginal cases desciibed by Lauience and jMoon in an 
ophthalmologic journal, defectne rision and the night blindness chai- 
acteiistic of retinitis pigmentosa vere maiked Ophthalmoscopically, 
scatteied aieas of pigmental 3'^ degeneiation weie visible in the peripheiy 
of the fundi, geneially along the couise of the letinal vessels There was 
no definite atiophy of the optic nene In almost all the subsequently 
desciibed cases some form of letinal degeneiation was piesent The 
tA'pe of letinal change, howevei, has vaiied considei abl}’’ Cla}'^ has 
stated that in onl} 15 pei cent of the cases has the t3'^pical pictuie of 
letinitis pigmentosa been described B}' far the greatest number have 
been recoi ded as “at} pical ” In most of the latter cases there have been 
peiipheial pigmental y lesions 111 Aar3ung degiees, with spaiing of the 
macula In some there has been mild to marked choiioietinal atrophy, 
in still othei s, maculai lesions similai to those seen in cases of cerebro- 
maculai degeneiation Seveial authois have desciibed cases of retinitis 
pigmentosa sine pigmento, while Lissei desciibed a case of retinitis 
punctata albescens (a condition aaIiicIi is allied to letinitis pigmentosa 
and m Avhich there aie pigment deposits, vasculai changes and numeious 
small scatteied white spots) 

A faiily uniform naiimving of the letinal r^essels is piactically 
ahvays present, as is a vaxy pallor of the nerve head Vaiious othei 
oculai findings, such as posterior coitical cataiact, strabismus and axial 
myopia, have also been desciibed in connection with this S3mdrome 

The pathogenesis of the retinal degeneiation in these cases is of gieat 
interest, particularl}'^ in its application to the bioad pioblem of idiopathic 
retinitis pigmentosa The same theories have been pioposed to account 
for both types, although because of the limited numbei of cases of the 
Lauience-Moon-Biedl S3mdiome, the therapeutic attempts in these cases 
have been fewer Ornsteen ° said he was of the opinion that etierent 
fibers of the optic neive, conti oiling chemical changes and movement of 
pigment in the retina, had been disturbed b}'- a chiasmal defect Other 
authors haA'^e proposed retinal Avascular disease, eithei primaiy or 
secondary to cerAUcal s 3 ’-mpathetic dysfunction, Autamin 01 hormone 
deficiencies and other possibilities None of these theoiies has eA'^er been 


15 Clay, G E Tr Am Ophtli Soc 31 274, 1933 

16 Lisser, H Endocnnologv 13 533, 1929 
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substantiated in ain \\a} ^'\'e believe that the eMdence obtained from 

the cases of the Lauience-j\Ioon-Biedl syndiome points to the conclu- 
sion that the letinal degeneiation, like the other aspects of the s}ndioiTie, 
IS an inherited chioinosomal factoi ‘which is latent fiom the moment of 
conception In this connection it is of interest to note the ovei whelming 
eiidence in favoi of the heieditaiy oiigin of letimtis pigmentosa, pre- 
sented as eail} as 1907 by Nettleship^^ in his classic monogiaph on 
this subject He lUACStigated a senes of 1,000 families encompassing 
1 700 cases In full} 50 pei cent of these cases definite evidence of 
mheiitance oi of paiental consanguinity was piesent, and Nettleship 
Stated the opinion that if in the remaining 50 pei cent of cases a 
thorough imestigation had been made, the peicentage Mould haie been 


I OlJ' falc/ (5)(i 



Fig 5 — The famil} tree presented by Nettleship,^" showing transmission of 
retinitis pigmentosa and other anomalies IV 4 and 5 each represents a group of 4 
siblings, the first haiing died in infanc}" and the others being normal IV 6 is the 
child of III 3 

even highei In suppoit of this thesis he presented a numbei of pedi- 
grees, one of tvhich in particular is of extraordinary interest as regards 
the problem under discussion and deserves reproduction (fig 5) 

In generation I, 1 v^as perfectly noimal, but 2 and 3 were a deaf- 
mute and an idiot, respectively The offspring of I^ in the second and 
third generations -were all normal However m generation IV, of 11 
childien, 4 died 3 mung, 4 ttere noimal and 3 -were idiots tvith advanced 
retinitis pigmentosa In addition, IVi was partly deaf and had six 
toes on each foot and six fingers on the left hand, and IV 3 had six toes 
on each foot Moreo^er, a paternal first cousin, lA^^,, -was a deaf-mute 


17 Nettleship, E Rov London Ophth Hosp Rep 17 151, 1907-1908 
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and blind In emphasizing the iinpoitance of careful genetic studies, 
which this pedigiee exemplifies, Nettleship pointed out, fiist, that all 
the diseased offspring ^^ere descended fiom I^, who was normal, 
second, that the mheiitance was discontinuous for t^^o generations, and 
finally, that if I,, I 3 and IVg “had not been included m the history (and 
such omission might easily have occuried) the case could haie been 
claimed as showing the absence of heredity ” 

Two othei facts mentioned by Nettleship in his valuable study have 
a bearing on the problem under discussion One is that of 1,381 patients 
with retinitis pigmentosa whose sex w^as noted, 845 weie males and 536 
females, a latio of 61 39, which conesponds almost exactl}' with the 
ratio arrived at by Cockayne " in cases of the Laurence-Moon-Biedl 
syndrome' The other is that fully as man} vaiiations occur in the 
ophthalmoscopic picture of so-called idiopathic letinitis pigmentosa as 
have been described in the Lauience-lMoon-Biedl syndiome The atypi- 
cal nature of the letmal degeneiation m the lattei S}ndiome, therefore, 
in no w'^ay means that it is unrelated to the idiopathic type On the con- 
trary, the aforementioned evidence seems to favor strongly the conclu- 
sion that the tw ’'0 types of retinal degeneration are closely allied In 
this connection it may be noted that Wibaut has differentiated two 
types of letinitis pigmentosa a dominant t}pe, which is almost ne%er 
associated with ner-\e lesions, and a recessive type which is associated 
with deafness and other t}pes of involvement of the central nerAOUs 
system 

If fuither eMdence weie required to indicate the primaiy degen- 
eratne nature of retinitis pigmentosa and to dispio\e the theor} that it 
IS of vascular oiigin, Veihoeff’s excellent histologic stud} wmuld lemo^e 
all doubts Verhoeff has proved conclusive!}^ that degeneration of the 
retinal neuro-epithehum is the primary lesion in retinitis pigmentosa 
and that such vascular changes as occur aie due to secondai} thickening 
of the vascular w^alls by the increased piolifeiation of glial tissue 

LABORATORY STUDIES 

Laboiatoi} studies have not revealed an} consistent abnormalities 
A low basal metabolic late is the most fiequent finding occuriing in 
over 60 pei cent of the cases Dextrose tolerance is geneially normal, 
with some cases of model ately increased or decreased tolerance 
Chemical studies hare shown a uniformly normal picture Recentlv 
Klenerman reported 2 cases in which the calcium content of the serum 

18 Wibaut, F Kim Alonatsbl f Augenh 87 298, 1931 

19 Verhoeff, F H Alicroscopic Observations in a Case of Retinitis Pigmen- 
tosa, Arch Ophth 5 392 (Alarch) 1931 

20 Klenerman, P T J Neurol & Psychopath 15 329, 1935 
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was high Both patients, ho\\eAer, A\eie eldeily ^^omell, aged 72 and 40 
respectively, and it is possible that othei factois were in\ohed in the 
disturbed calcium metabolism Seiologic studies have shovn a negatne 
Wassermann reaction of the blood m piacticall} all instances 

ROENTGEN STUDIES 

Roentgenogiaphic studies hkei\ise ha^e shoun no consistent changes 
The sella tuicica m most of the cases m vhich it was examined was 
essentially noimal, with an equal numbei of cases m wdiich it was larger 
or smallei than normal The high oi massne doisuni sellae, on which 
Raab placed so much significance has been observed m only a few^ cases 
Studies of the long bones ha\e lerealed normal nucleai osteogenesis in 
the majoiity of instances 

TRE \TMENT 

The results of tieatment m these cases ha^e, on the whole, not been 
encouraging, although individual authors ha\e published promising 
reports In most cases some form of endocrine theiapy has been 
emplo3^ed, usually a combination of thyroid and pituitary extract In 
the case of females o\aiian theiapy has also been added The s}mptoni 
which seems to be most frequent!} helped is the obesity, wdiich responds 
somew^hat to the use of tlwioid Occasional!} too, after mixed endo- 
crine theiapy, these patients seem to show better muscle tone and 
increased animation, which makes them appear brighter mentally It is 
highly doubtful, however wdiethei an} impioAement m the basic mental 
deficiency ever occurs Of interest is the fact that a numbei of writers 
claim to ha^e observed definite improvement m vision after endocrine 
theiapy (Bernhardt,-^ Boenheim -- Beck-® and Reilly and Lissei “) In 
most of these cases, howe^er, the impioAement was limited and not 
correlated wuth objectne improvement in the retinal pathologic condi- 
tion Other authors (de Sclwveimtz Sohs-Cohen and Reilh and 
Lissei have claimed to ha^e arrested the failing of \ision as a result 
of therapy, but these conclusions may be questioned, in view of the fact 
that arrest of failing vision occurs m these cases spontaneous!} Sur- 
prisingly, there are no reports of an} striking improvement in the 
genital dystrophy, although one would expect that endocrine theiapy 
might be particularly useful m this lespect In view of the numerous 
favorable reports appearing in recent -sears concerning the use of the 
gonadotropic pimciple of the urine of piegnant women in cases of 
undescended testicles it is possible that such theiap} -sigoiously 

21 Bernhardt, H Ztschr f klin ^kled 107 488, 1928 

22 Boenheim, F Endoknnologie 4 263 1929 

23 Beck, H Endocnnologs 13 375 1929 
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employed, might be of value foi the genital dystroiDhy m the Laurence- 
Moon-Biedl syndrome 

As legal ds the pol 3 'dactyhsm, of coiiise, suigical tieatment is the 
only lecourse 

COURSE 

In all the cases oiiginally desciibed b)^ Lamence and Moon paia- 
plegia eventually developed This de^elopment, hoivevei, appeals to 
have been pecuhai to this family only and has not been desciibed in any 
of the subsequent cases In most of the cases the condition seemed to 
have been ai rested in childhood, and theie was little oi no subsequent 
piogiession in the symptoms Retinitis pigmentosa raiely progresses 
to complete blindness Klenei man’s case (that of a woman of 72 ) 
shows that the patient ma}'^ leach an advanced age Occasional^ a 
leactive behawor distiubance cleAclops 

SUMMARY 

Two classic examples of the Laurence-Moon-Biedl syndiome are 
described 

A biief suivey is given of the piesent infoimation legaiding this 
condition 

The eight of evidence points to the fact that the pigmentary degen- 
eiation of the letina in the Lauience-Moon-Biedl syndiome is a con- 
genital anomaly dependent on an inheiited chiomosomal factoi We 
behe^e that this is a link in the chain of evidence pointing towaid the 
congenital nature of the usual foim of retinitis pigmentosa 

Permission to report these cases was granted by Dr Jorge Muniz, of Habana, 
and Drs George Baehr and S Philip Goodhart, of New York 
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On the basis of the occuiienceof gioss and micioscopic changes in the 
aiticular tissues of guinea pigs subjected to subacute oi chionic scuivjs 
either alone or in combination with infection, we made the suggestion 
that vitamin C deficiency maj'- be a significant contiibutoiy mechanism 
111 the etiology of some cases of iheumatoid or atrophic aithiitis ’• Biief 
but suggestive clinical evidence was presented at that time Subsequently 
we have endeavored to investigate the pioblem thoioughly in the clinic 
Detailed dietaiy histones weie taken in as many cases as possible What 
we consider to he a deficient intake of vitamin C has been a common 
though not umveisal finding A detailed analysis of these lecoids will 
be made and published latei 

The belief that nutiitional factois ma}'^ be unpoitant m this disease 
IS not new Many writers have stressed the impoitance of nutrition 
Hall” said “We aie constantly seeing patients with severe arthritis, 
who for months oi years have been eating inadequate oi deficient diets 

Read before the American Rheumatism Association, Atlantic Citv, N J , 
June 7, 1937 

From the Arthritis Clinic and the Division of Pathology and the Dnision 
of Medicine, the University of California Medical School 

This investigation was supported by the Christine Breon Fund for Medical 
Research and by the California Fruit Growers’ Exchange Hoftmann-LaRoche, 
Inc , furnished supplies of vitamin C 

1 Rinehart, J F , Connor, C L, and Mettier, S R Further Observations on 
Pathologic Similarities Between Experimental Scurv}" Combined with Infection 
and Rheumatic Fever, J Exper Med 59 97, 1934 Rinehart, James F Studies 
Relating Vitamin C Deficiency to Rheumatic Fever and Rheumatoid Arthritis 
II Rheumatoid Arthritis, Ann Int Med 9 671, 1935 

2 Hall, F C Treatment of Arthiitis, Am Lied 35 367 1929 
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In such cases, the diet has been the depleting factor ” Rowlands ® and 
Fletcher and Graham ^ haA’^e pi esented indirect evidence that vitamin B 
deficienc}' may operate in the etiology of iheumatoid aithiitis The cm- 
dence is based essentially on the fiequent obseivation of atony of the 
musculatnie of the colon Fletchei and Graham gave patients high vita- 
min diets vith paiticulaily geneious amounts of vitamin B and obsen^ed 
improA'^ement in the tone of the bowel and frequently much clinical bene- 
fit It IS not improbable that Autamin B deficiency states indirectly con- 
tribute to the development of arthiitis Nutritional inadequacies are 
likely to be multiple Vitamin B deficiency appears to act laigely thiough 
limitation of the voluntaiy consumption of food by impairment of appe- 
tite In this way an inadequate intake of vitamin C may follow in its 
wake, paiticularly if the selection of food does not include the iichei 
sources of this factoi 

A second routine observation in oui study has been the determination 
of the capillaiy strength by the Dalldoif method® This has been con- 
sideied an index of “latent scurvy” We leahze that theie aie severe 
limitations to this method and that many factors othei than vitamin C 
deficienc}'’ dimmish the capillaiy resistance Howevei, it is of significance 
that we have found the capillary strength almost unifoimly and signifi- 
cantly loweied in the atrophic type of arthritis Moie lecently, paiticu- 
lar attention has been directed to the condition of the gums Swaim’s ® 
earl)’’ observation was that in cases of rheumatoid aithritis “the gums 
are spongy and the teeth decay easily The mouth resembles that of a 
scurvy patient ” IVe wish to redirect attention to the prevalence of such 
gingiA’al changes in this disease Although it is not invariable, it is 
remarkably common to find reddened, retracted and edematous gums 
Avhich are prone to bleed We do not believe that such a condition can 
be ascribed to the eflfect of infection alone Most students of this disease 
know how frequently these gingn'al changes are seen and how often a 
mouth IS encountered from which the teeth have been exti acted because 
of decay or “pyorrhea ” It involves no unusual exeicise of the imagina- 
tion to legard the gums as m some lespects analogous to the synoA’ial 
and periarticular tissues Both are soft tissues applied to dense struc- 
tures, and both aie subjected to lepeated tiauma If the synovial mem- 
brane IS in a boggy, toneless, edematous state and its vessels aie unduly 
fragile and peimeable, it (as the gums) may be expected to bleed oi 

3 Rowlands, M J Rheumatoid Arthritis Is It a Deficienc} Disease^ 
Proc Roy Soc Med 20 41, 1927 

4 Fletcher, A A , and Graham, D The Large Bowel and Chronic Arthritis, 
\m J M Sc 189 91, 1930 

5 Dalldorf, G A Sensiti\e Test foi Subclinical Scurv}', Am J Dis Child 
46 794 (Oct ) 1933 

6 Swaim, L T Atrophic Arthritis, Rhode Island M J 6 51, 1923 
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ooze plasma and, ^^lth the deposition of fibiin, to foim a bridge foi the 
giowth of granulation tissue and extension of a pannus into the aiticulai 
cavity Fuithei, such tissues vould be predisposed to bacterial locali- 
zation If the strength of the capillaiies of the skin is reduced in iheu- 
matoid types ot aithritis, it is leasonably safe to assume that other 
capillaiies are fi agile and hyperperineable While such consideiations 
may be somevhat “imaginative,” we do not beheAe them to be unrea- 
sonable 

The lecent chemical identification of vitamin C and the foimulation 
of methods foi assa} of its content in foods, mine tissues and blood 
ha\e affoided a more direct and perhaps moie scientific method of 
approach to the problem • 

We’ have preMOUsly reported on "work confiimmg the obseiA^ations 
of Farmer and Abt ® that the vitamin C level of the blood plasma is an 
accurate index of the immediate nutritive state of a peison lelative to 
Mtamm C and that in “noimal” persons it parallels the intake AVe have 
briefly recoided the finding of low vitamin C values m rheumatoid aithii- 
tis ° The present report represents an extension of this study 

METHODS 

With rare exceptions all specimens of blood analyzed for vitamin C were 
drawn during the fasting or postabsorptive state This we consider essential for 
satisfactory comparative data The analytic method employed was that originally 
reported by Farmer and Abt,® in which the blood plasma is deproteinized with 
tungstic acid and the filtrate titrated wuth 2, 6-dichlorophenohndophenol Determina- 
tions -were made prompt!}, and due caution was exercised for prevention of oxida- 
tion This method we have found to be reliable and accurate 

CASES STUDIED 

The data of this report include observations on 120 medical students as "noimal” 
controls, 26 patients with more or less classic rheumatoid arthritis and 29 patients 
■with less classic arthritis of the rheumatoid type All the patients exhibited 
some evidence of activity of the rheumatic process and were seen subsequent to 
January 1936 In addition, there were 13 patients with gonorrheal arthritis and 12 
with hypertrophic arthritis 

PLASMA VITAMIN C IN CONTROLS 

The “noimal” group showed values for the vitamin C content of 
the plasma ranging fiom 0 22 to 1 45 mg per hundred cubic centimeters, 

7 Greenberg L D , Rinehart, J F , and Phatak, N M Studies on Reduced 
Ascorbic Acid Content of the Blood Plasma, Proc Soc Exper Biol & Med 
35 135, 1936 

8 Farmer, Chester J , and Abt, Arthur F Ascorbic Acid Content of Blood, 
Proc Soc Exper Biol & Med 32 1625, 1935 

9 Rinehart, J F , Greenberg, L D , and Baker, F Reduced Ascorbic 
Acid Content of Blood Plasma in Rheumatoid Arthritis, Proc Soc Exper Biol 
6L Med 35 347, 1936 
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with an aveiage of 0 7 mg The individual distiibution for this gioup, 
contrasted with that foi the aithiitic patients, is shown in chait 1 It 
should be pointed out that the a alue 0 7 mg is an average and probably 
falls below Avhat should be consideied optimal Oui piesent opinion 
lemains essentially as preAuously leported," i e , that duiing fasting cevi- 
tamic acid IcA’^els of the plasma below 0 7 mg aie probably suboptimal 
Levels langing between 0 7 and 0 9 mg appeal to be adequate, and 
levels below 0 5 mg must be consideied low Several of the contiols 
showing the lov est Autamin C levels presented findings, such as gingivitis 
and lowered capillaiy stiength, that might be consideied as CAudence 
of vitamin C deficiency 

PLASMA VITAMIN C IN ARTHRITIS 

It Avill be seen fiom chait 1 that the patients AAith actne tiue rheuma- 
toid and iheumatoid tA^pes of aithiitis exhibited initial AUtamin C A^alues 



Chart 1 — Distribution cur\e of the ce\itamic acid content of the plasma of 
normal controls and of patients A\ith arthritis G C indicates gonococcic 


of the blood plasma that AA^eie uniforml}" in a stiikingl} low lange Foi 
the 26 patients Avith moie or less classic iheumatoid aithiitis, the lange 
A\as from 0 09 to 0 68 mg pei bundled cubic centimeteis, Avith an aAer- 
age of 0 23 mg Ninety-thiee pei cent of the A’-alues aacic beloAV 0 5 mg , 
and 76 per cent Aveie beloAV 0 3 mg (i e , at maikedty Ioav leA’^els) 
Essentially similai data apply to the 29 patients AAith aithritis classified 
as of “rheumatoid type” Interestingly, the smallei senes of patients 
Avith gonoiiheal aithiitis also shoAved evidence of Autamin C deficiency 
The significance of this aviII be consideied piesently The distiibution 
for patients Avith h)"pei ti ophic aithiitis AA^as aboie that foi the noimal 
conti ols 

Chart 2 sIioaas a distiibution diagiam of the ceAitamic acid Aalues 
for 120 normal contiols conti asted AAuth those foi the 55 patients A\nth 
actiA^e rheumatoid oi iheumatoid types of aithiitis The aAeiage a alue 
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toi the contiols ^^as 0 7 mg pei hundied cubic centimeteis and foi those 
t\ith aithiitis, 0 24 mg Eighty-nme pei cent of those tMth aithiitis 
(theumatoid and iheumatoid types) showed \alues below 0 5 mg, and 
74 5 pel cent showed ^alues below^ 0 3 mg Foi the contiol senes only 
26 6 pel cent of the tallies weie below 0 5 mg, and 4 2 pei cent weie 
below 0 3 mg ^^'lthout doubt some of the conti ols had a suboptimal oi 
inadequate intake of titamin C It should be pointed out that the gieat 
majorit} of the patients with iheumatoid aithiitis, although showung 
clinical 01 laboiaton evidence of activity, were ambulatoiy and w^eie 
seen in the outpatient depaitment The} weie not suftenng fiom acute 
intoxication, and onh a few had sufteied any lecent acute illness There 



Chart 2 — Distribution diagram of the lalues for the cevitamic acid content 
of the plasma 

IS no reason to belieie that the values lecorded foi the Mtamm C content 
of the blood did not lepiesent habitual lei els 

RESPONSE or CONTROLS AND ARTHRITIC PATIENTS TO SUPPLE- 
HENTARY INTAKE OF A^TAMIN C 

In ceitam of the controls and of the patients with aithritis it was 
possible to stud} the i espouse of the blood plasma levels to extia sup- 
plements of vitamin C Thirteen of the controls wdio showed initially 
low^ values for the ceiitamic acid content of the blood were gn cn a 
daily 01 al supplement of 100 mg of iitamin C, and subsequent deter- 
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minations weie made These cases aie lepiesented giaphically in chart 3 
They not only aftoid convincing eMdence that the vitamin C content ot 
the plasma parallels the intake but foi the most pait show suipiismgl} 
piompt uses to levels within the noimal lange The 2 patients who 
showed the lo\vest initial plasma levels (P F and F O D ) and who 
exhibited delayed uses weie probably suffeimg tiom subchmcal defi- 
ciency Both showed gingival changes, loweied capillai} stiength and 
a dietaiy history lated as low in vitamin C The aveiage lesponse of 
this contiol giotip is indicated by the dotted line This line is super- 
imposed as a guide m the compaiable giaphs foi the aithiitic patients 
Perhaps more conMiicing eAudence of deficienc} than that shown by 
the initially low Mtamin C values m the cases of iheumatoid aithiitis 



Chart 3 — Tlie response of the blood plasma to the administration of Mtamin 
C These 13 controls showed initial low le\els 

IS found m a study of the responses to supplemental y feeding of 
vitamin C Chaits 4 and 5 illustiate changes m blood let els following 
the admmisti ation of extia supplements of vitamin C (either as orange 
juice or as cevitamic acid) Data foi all cases in which enough 
detei minations A\eie available foi giaphic lepiesentation aie shown 
The daily supplement w^as 100 mg or moie of cevitamic acid Supple- 
ments other than this aie indicated in individual cunes No lestiiction 
was placed on the diet , in fact, no othei instiuction was made legaiding 
the dietary intake In a numbei of instances a model ately geneious 
intake of vitamin C was included in the patient’s usual diet It aviU 
be seen that a consideiable amount of extia Mtamin C Avas lequned 
to bring the blood leAel Avithin a noimal lange In the cases of iheu- 
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matoid aithritis (chait 4) an average of somewhat more than 2 Gm 
of extra 'v itamm C supplement was needed to hi mg the vitamin C le\ el 
up to the lower limits of normal (leaving out of consideiation the 
patients vho failed to show a significant use) This value is m the 



DAVS OF VITAniN C SUPPLEMENT 


Chart 4 — The response of the blood plasma to the administration of a dailv 
supplement of vitamin C m cases of rheumatoid arthritis 0 J indicates orange 
juice 



DAYS ON VUAM/N C SUPPLE FIENT (lOOfnQ DAILY £>-cept as indicated) 

Chart 5 — The response of the blood plasma to the administration of Mtamin 
C in cases of arthritis of the rheumatoid t\pe 

range of that lequiied to satmate a dehbeiateh depleted peison^'’ In 
the cases of iheumatoid aithiitis there vas on the a^eiasre, a dela^ 

10 O’Hara, P and Hauck H Storage of ^'itamin C b\ Normal Adults 
Following a Period of Low Intake, T Nutrition 12 413, 1936 
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of one -week befoie any significant elevation of the plasma occuired 
In certain cases theie was a remarkably delayed i espouse Similai but 
somewhat less lefiactory responses were noted in the cases of aithritis 
of the iheumatoid type (chait 5) In several instances in both gioups 
theie was no significant plasma i espouse after prolonged conti oiled 
dietaiy supplements The piecise metabolic fault in these cases has 
not been determined One of the most refractoiy cases was that of 
D R (chart 4) Although a conti oiled Autamin C supplement was 
maintained in this case much longer than the fifty-eight days shown in 
the giaph, no significant use in the plasma level occuired That the 
fault in this instance was probably not one of absorption is indicated 
by a lecent determination of the urmar}'^ excretion of vitamin C In 
the twenty-four hour period of observation, 44 mg ot vitamin C was 
exci eted, although during fasting the blood le\ el was only Oil mg 
per bundled cubic centimeteis Such cases requne moie careful stud)' 
A lowered renal threshold is a possible mecbanism This person is 
one of a number whom we have observed who apparently had a basic 
fault in vitamin C metabolism Such persons often give a history 
of a moderate or generous intake of vitamin C in their diet but in 
spite of this they show depiessed vitamin C le^els and persistent 
smouldeiing arthritic activity It appears then that deficiency of vitamin 
C may exist in the presence of an adequate intake 

GONORRHEAL ARTHRITIS 

Gonorihea could be leasonably established in the etiologic back- 
ground of only 13 persons It is possible that in some of the cases of 
aithritis of the “rheumatoid t 3 'pe,” gonorrhea had been contributoiy 
Initial vitamin C values for the patients with gonoirheal arthritis were, 
in geneial, low, ranging from 009 to 0 64 mg pei hundred cubic centi- 
meters and averaging 0 22 mg The majority of the patients were 
not febrile or severely ill at the time of examination It is inteiesting 
to speculate on the significance of this finding That infection may 
serve to deplete the oiganic reserve of vitamin C is well supported 
by considerable evidence Another interpretation that naturally sug- 
gests Itself IS that aithritis develops because of a lowered lesistance 
of the articular tissues to bacterial localization secondary to mild or 
moderate vitamin C deficienc}' That the deficiency is in most instances 
somewhat milder m these cases is indicated by the lelatively prompt 
rise of the vitamin C leA'el with a supplemented intake (chart 6) That 

11 (a) Faulkner, J M, and Ta 3 ']or, F H L Vitamin C and Infection, J 
Clin Investigation 15 472, 1936 (&) Perla, David, and Marmorston, Jessie 

Role of Vitamin C in Resistance, Arch Path 23 543 (April) 1937 
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one of the patients (C L ) whose data aie gnen in chart 6 A\as suftei- 
mg from scuivy seems bejond leasonable doubt The dietai} historr 
indicated a low intake of vitamin C, and the capillai} strength vas 
1 educed The gums ueie reddened and edematous and bled easih 

THERAPEUTIC RESULTS 

Our data foi judgment of the theiapeutic Aalue of a high intake 
of vitamin C in aithiitis we do not believe aie adequate for statistical 
analysis, but cleaicut clinical impiorement has occurred in the majoiit} 
of cases The onlj othei form of tieatment in oui cases has been selec- 
tive phj’-sical therap) It is inteiesting that in the majoritr of instances 
of lecuirence we hare found the ceritamic acid content of the plasma 



Chart 6 — The response of the blood plasma to the administration of rUamin 
C in cases of gonorrheal arthritis 

depressed The most satisfactory clinical i esponses occui i ed in the cases 
in which theie uas a satisfactory rise of the cevitamic acid content 
The lesults in the few cases m which dail}'- intiavenous admimstiation 
of the sodium salt of cevitamic acid was combined with supplements of 
vitamin C b} mouth have been particulaily encouraging 

COMMENT 

As has been pointed out, it is obrious that the vitamin C content 
of the plasma is an index only of the immediate nutritive status of the 
individual lelatne to this food factoi Houever, the piactically uni- 
form finding of low vitamin C values m a laige senes of cases of 
rheumatoid aithiitis must be significant Sheiwood^- has biiefl} 

12 Sherwood K K Chmcal Significance of Vitamin C, Kings Co Hosp 
Bull 4 7 1937 
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recoided similai obseivations, and Pei la has cited unpublished data 
of Finkle that appear coi i oborative Except in a few instances, we do 
not believe that oui patients were suftenng from degrees of infection 
that would cause vitamin C depletion In fact, the majority were 
afebiile, and in many no infection could be demonstrated We do not 
deny the influence of infection, which has been emphasized particulaily 
by Cecil However, Ave do not beheA-e that infection alone is lespon- 
sible foi the disease In some cases a chronic lack of vitamin C may 
prepare the aiticular tissues for localization of bacteria of Ioav virulence 
Convincing CAudence of deficiency is indicated in the curves shoAving 
delayed saturation folloAving the giving of a supplement The data 
here recorded are considered as conclusn^e as such data can be and to 
afford strong suppoit for the thesis that chionic vitamin C deficiency 
IS of major etiologic significance in many cases of iheumatoid arthritis 
or polyarthritis of the rheumatoid type If subacute or chronic vitamin C 
deficiency pioduces comparable aithntis in experimental animals, it is not 
unreasonable to believe that it may do so in man 

SUMMARY ANP CONCLUSIONS 

The cevitamic acid level of the blood plasma during fasting is almost 
unifoimly and severely loAA^ered in iheumatoid and rheumatoid types of 
aithntis In the majority of cases the blood level rises after the adminis- 
tration of vitamin C Usually this rise is delayed These data indicate 
the existence of Autamin C deficiency in arthiitis of this type, and Ave 
believe they afford significant support foi the thesis that chronic 
deficiency of vitamin C is an impoitant factoi m the etiology of the 
disease Some patients appeal to present a fundamental fault in vitamin 
C metabolism The plasma leA^els duiing fasting fail to use after pro- 
longed administration of geneious supplements of vitamin C, although 
the urinary excretion may be relatively high A loAvered renal threshold 
IS a possible mechanism Loav vitamin C levels are the rule in gonorrheal 
arthritis It is suggested that deficiency of vitamin C predisposes to 
bacterial localization in this group and possibly also in the other groups 
In the small series of cases of hypertrophic arthritis the plasma A'alues 
Aveie almost uniformly high Appaiently deficiency of vitamin C may 
exist in the presence of an ordinarily adequate dietary intake Our 
piehminaiy therapeutic observations have been distinctly encouraging 
Such studies to be conclusive should be rigidly controlled and should be 
extended OA^er an adequate period 

13 Cecil, R L Rheumatoid Arthritis, JAMA 100 1220 (April 22) 
1933 
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DISCUSSION 

Dr M P Schultz, Washington, D C Since Dr Rinehart and his colleagues 
made the brilliant observation that in guinea pigs subject to the combined influence 
of chronic scurvy and infection with group C hemolytic streptococci a character- 
istic form of nonpurulent carditis develops, these experiments have been repeated, 
as has just been stated, by four groups of investigators The findings of Dr 
Rinehart haie been confirmed, in that cardiac damage of the type he originally 
described develops in guinea pigs subjected to chronic scurvy plus infection or, 
as appears to be indicated by recent work, uncomplicated acute scurvy It should 
be pointed out, howei er, that none of the subsequent observers considers that these 
lesions bear a close resemblance to those of rheumatic fever 

From the clinical standpoint, as Dr Rinehart has mentioned, the subject has 
received the attention of several investigators Warner, Winterton and Clark in a 
dietary study found that rheumatic children consume as much or more food 
containing vitamin C than do controls They stated, indeed, that on the basis of 
their study the relation between rheumatic fever and scurvy suggested by Dr 
Rinehart cannot be supported The experiments of Perry and his co-workers, 
in which the degree of vitamin C saturation of patients with rheumatic fever 
and of controls was studied, also did not support this hypothesis 

Dr Rinehart has described in part the experiments of this type which were 
undertaken at the Hospital of the Rockefeller Institute — ^work with which I was 
associated Because evidence of C hypovitammosis was by no means found to be 
regularly associated with rheumatic fever, because similar degrees of deficiency 
were found to be present in other disease states and because treatment with large 
doses of the vitamin were ineffective, we concluded that scurvy is not an important 
factor in the pathogenesis of rheumatic fever We considered that those experi- 
ments in which subjects received 100 mg of cevitamic acid daily in addition to 
their habitual diet (which in many instances did not seem to be inadequate) for 
several months before rheumatic fever developed in severe and typical form were 
of especial significance These patients received several times the quantity of the 
vitamin considered sufficient to prevent the development of scurvy, and when their 
degree of saturation with cevitamic acid was tested after the development of 
rheumatic fever, no severe degree of C hypovitammosis was found to be present 

The work of Abassy, Hill and Harris has been described at some length by 
Dr Rinehart as in support of his conclusions These observers found an apparent 
degree of scurvy in most but not all patients with acute or chronic rheumatic fever 
The findings in this group differed little from those for patients with active or 
semiactn e tuberculosis In patients with quiescent tuberculosis, on the other hand, 
and in controls a comparable degree of hypovitammosis was not present These 
authors pointed out, indeed, that in cases of active infection, either rheumatic or 
tuberculous, there is frequently' a deficit with respect to this vitamin, whereas in 
the absence of active infection this is not so likely to occur They stressed the 
point that in the group of patients rvith quiescent tuberculosis, active infection is 
no longer present — the process has healed They were emphatic that on the basis 
of their work it cannot be concluded that in patients with rheumatic fever there is 
any alteration in vitamin C metabolism which is not present also in patients with 
other infections 

Investigators in this field are unanimous in the conclusion, so strikingly demon- 
strated by the extensive work of Dr Rinehart, that degrees of C hypovitammosis 
do occur m patients nith rheumatic fever It nould indeed be surprising if this 
M ere not the case In the past few y ears about a dozen studies have been made of 
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vitamjn C metabolism in various infections The degree of saturation with this 
vitamin has been in\estigated by measuring the excretion after test doses or b\ 
estimating the cevitamic acid content of the blood of patients with various infec- 
tions, for instance, tuberculosis, pneumonia, typhoid fever, furunculosis and sepsis 
Studies of this character har e demonstrated a tendency to C h\ povitaminosis in all 
the infectious states which have been investigated Two of these papers are 
especiall}’’ pertinent, Widenbauer determined the daily dose of vitamin C necessary 
to maintain excretion at an optimum level and compared variations in the quantity 
requisite with alterations m the er3throc3Te sedimentation rate There 3vas a 
striking parallel, with increased severity of the infection, as indicated by an 
accelerated sedimentation rate, there was an increase in the amount of vitamin 
necessary to maintain the balance This author, familiar with the work of Dr 
Rinehart, included cases of rheumatic fever in the series The behavior of these 
patients differed m no wav from that of patients vith other types of infection, 
chiefl3’^ tuberculosis Graphs were presented demonstrating that a patient in 
balance with respect to ritamin C with a certain daih dose requiies a greatlv 
increased quantity immediatel3 on the development of a dental abscess, but his 
requirement returns to the former level when the abscess is drained A few days 
later a corresponding rise and fall of the sedimentation rate takes place This 
parallel between the amount of cevitamic acid required and the sedimentation rate 
was regularl3 demonstrable 

The other mrestigation which seems particularly pertinent to the present dis- 
cussion 3vas carried out by Baer, rvho observed the degree of vitamin C sub- 
nutrition by means of saturation tests of 35 patients with acute phar3'ngitis 
Hypovitaminosis with respect to vitamin C was so regularl3 found and was of such 
extreme degree that this author suggested that acute pharyngitis may be one mani- 
festation of this deficiency condition The 35 patients studied represented a wide 
range of ages, and although the local infection of the throat was in many cases 
severe and the degree of scurry in each instance was definite, neither rheumatoid 
-arthritis nor rheumatic ferer developed as a complication 

Concerning the careful and extensive stud3’- which Dr Rinehart has described, 
only two questions occur The first is regarding the method of titration used 
The determination of reduced cevitamic acid by the method of Farmer and Abt 
possesses certain adrantages, in that it is easil3’- and rapidl3 performed and requires 
a minimum of chemical manipulation The disadvantage lies m the fact that 
reduced cevitamic acid is readil3 conrerted to the reversib^ oxidized form — a 
slight degree of hemobsis in the serum, for instance, accelerates this cnange 
and may be responsible for false low readings As reported in the Proceedings of 
the Society foi Expei imental Biology and Medicine, Dr Piojan, of Rochester, 
N Y, attempting to use the method as onginalh described b3" Farmer and Abt 
(presumabb the unmodified method which Dr Rinehart emplo3ed) found it 
entirely unreliable Further investigation demonstrated that false low readings 
were obtained unless the specimens were titrated immediateb after the blood 
was drawn Dr Piojan emphasized the fact that no more than thirt3 minutes 
should elapse between the drawing of blood and the titration if reliable data are to 
be obtained Since Farmer and Abt did not mention the necessit3' of observing 
this precaution and in \iew of the extremely loyv y allies yvhich Dr Rinehart 
reports, the obseryations of Dr Piojan appear to be pertinent I yvish to inquire 
therefore, if in the experiments just reported all titrations yvere performed yvithin 
the recommended time limit 

The other question is yyith regard to medication recened by the patients 
Daniels and his colleagues haye reported from loyya that the administration of 
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acetylsahcyhc acid to febrile children results m increased excretion of vitamin C 
These authors suggested that the unusually low figures which Dr Rinehart 
reported for children may be the result of depletion of vitamin C reser\cs bj 
antecedent medication with acetylsahcyhc acid I am aware that Youmans and his 
colleagues have since reported that in afebrile adults this effect of acetylsahc 3 hc 
acid could not be demonstrated Since patients with rheumatic fe\er are usuallj 
febrile children, however, conclusions concerning vitamin C metabo ism must be 
regarded with reser^atlon if the subjects studied had received acetj Isahcj he acid 
or other salicylates In view of the difficulty m finding arthritic patients, especialh 
those with rheumatic feier, who have not been treated with these drugs, I wish 
to inquire if Dr Rinehart eliminated this complicating faetdr in the present studj 

Dr Rinehart and his colleagues have made a valuable extensive study of 
vitamin C metabolism in infection In the light of all information at present 
available on this subject, however, it would be unjustifiable to conclude that the 
disturbances in rheumatic fever are of greater significance than those of similar 
character observed in other infections 

Dr a Almon Fletcher, Toronto, Canada It is not easy to assess the 
significance of Dr Rinehart’s observations It is reasonable to propose that Dehind 
the development of rheumatic disease there is some chronic nutritional disorder 
It IS not likely that the answer to this important question will be found m the 
administration of a few tumblerfuls of orange juice or bj the anal 5 ’^sis of the 
patient’s diet, because chronic nutritional disorders are hkelj to be, to a large 
extent, irreversible or slowdy modified bj’’ dietetic treatment 

The production m experimental animals bj' means of vitamin C deficiencj of 
lesions comparable to those of rheumatic fever and rheumatoid arthritis is sug- 
gestive but does not bj any means prove that these lesions are identical with 
those occurring in man It is difficult to believe that many patients w'lth rheu- 
matoid arthritis are suffering from subclmical scurvy Occasionallj the spongy, 
bleeding gums referred to by Dr Rinehart are seen, and they undergo prompt 
improvement with the administration of vitamin C Much more frequently such 
changes are absent, and at times patients wnth rheumatoid arthritis are made W'orse 
by the administration of large amounts of fruit 

There is much clinical experience to suggest that patients with rheumatoid 
arthritis are helped by high vntamin diets, and at times the liberal administration 
of vitamin C appears to be of v^alue Such measures suggest that if chronic 
disturbed nutrition contributes to the development of this disease, the disturbance 
IS of a nonspecific character in which vntamin C maj" at times be one factor 

Dr James M Faulkner, Boston I find myself in such close agreement with 
Dr Schultz’ remarks that I have little to add The question seems to be essentially 
wdiether the low cevitamic acid v'alues for the blood wdiich Dr Rinehart finds 
in patients wnth rheumatic fever are a cause or an effect Now, it has been 
recognized ever since the publication of the earliest observ^ations on scurvjq three 
hundred and fifty 3 'ears ago, that infection is an important predisposing cause of 
scurv 3 ' Dr Rinehart has just demonstrated that the blood level of cevitamic 
acid IS usually reduced not onl 3 ’’ in rheumatic fever but'in other infectious diseases 
the etiologj’- of w'hich is w^ell established M 3 '^ colleagues and I hav'e had the 
opportunity at the Boston Citj' Hospital of estimating the blood v alues for 
cevitamic acid for patients with and without infection All these patients had 
been receiving diets generally considered adequate as to the vitamin C content 
For 43 subjects without infection the av'erage cevitamic acid value was 131 mg 
per hundred cubic centimeters, while for 66 patients suffering from miscellaneous 
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infectious diseases the average value was 0 64 mg Among the patients with 
infection there were 10 with acute rheumatic fever for whom the average value 
was 048 mg We did not regard the slight difference in average value for the 
patients with rheumatism and those with miscellaneous infections as significant 
We also had the opportunity to study the vitamin C balance of a patient with 
active pulmonary tuberculosis The patient was maintained on a diet almost 
completely lacking in vitamin C and was given measured amounts of pure 
cevitamic acid It was found that it took 300 mg of cevitamic acid daily by mouth 
to bring the blood level and urinary excretion of this substance to normal Similar 
observations in a case of acute rheumatic fever revealed the same increased 
requirement, namely 300 mg per day 

It seems to me that Dr Rinehart’s observations might be explained on the 
basis of a nonspecific effect of infection on the metabolism of vitamin C analogous 
to the effect of infection on the metabolism of iron or of vitamin B If vitamin C 
undernutrition were an important etiologic factor in rheumatic fever one would 
expect to see rheumatic fever occasionally in the presence of clinical scurv}-^ I 
have not yet seen this combination 

Dr Russell L Cecil, New York Dr Rinehart was kind enough to send me 
some of his sections last winter, and I was greatly interested in some of the lesions 
produced in the guinea pig It seemed to me that while there were some lesions 
that showed an infiltrative reaction, the infiltration was not as active as is seen 
in typical rheumatic fever I should think that controls with other vitamins 
would be important m this connection The fact that the patient fails to improve 
when fed on vitamins is disappointing The question after all is this Is this 
deficiency in vitamin C the cause or the effect of the disease^ 

Dr James F Rinehart, San Francisco Dr Schultz has raised a number of 
questions that are difficult to answer The data presented here are not considered 
a final answer to the problem, but I believe they indicate an imperative need for 
adequately controlled prophylactic and therapeutic studies The bulk of the evi- 
dence available at present indicates that the reduced form of cevitamic acid is 
the significant and physiologic active form of the vitamin Dr Schultz has cited 
the excellent work of Warren, Winterton and Clark This study is particularly 
painstaking, but I do not believe that it is conclusive A gross estimate of the 
intake of fruits and vegetables does not give an accurate idea of the vitamin C 
intake, because of the varied content of this factor in different foods With respect 
to the reliability of the methods used, I may say that my colleagues and I have 
investigated particularly carefully all possible pitfalls m the methods, and the 
evidence, which we cannot go into at this time, we believe indicates that they are 
entirely reliable Data pertaining to the possible influence of acetylsalicyhc acid 
on the excretion of vitamin C are controversial As far as we know, there is no 
effect of this drug on the blood level , also many of our patients were not receiving 
any form of salicylates We have been aware of Dr Piojan’s criticism of the 
method and can say without hesitation that it is not lalid 

I wish to thank Dr Fletcher for his conservative discussion of this paper 
and to reemphasize what has been said Indeed, the answer to the problem will not 
be found by giving a few glasses of orange juice to the patients 

Dr Faulkner has raised a pertinent question, that is, whether the low levels of 
vitamin C in the blood plasma are not secondary to the disease This question perhaps 
particularly applies to acute rheumatic fever There is every indication that infection 
itself serves, at least in some degree, to deplete the vitamin C reserve We believe 
it to be particularly significant that approximately 75 per cent of the patients with 
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chronic or inactne rheumatic fever have a significantly low \itamin C le\el 
of the plasma This is m agreement with the w'ork of Abbasy, Harris and Hill 
An inactive disease would liardl}' deplete the vitamin C resene There is no 
reason to belie\e that the levels recorded do not represent habitual \alues for 
these subjects In patients with rheumatoid arthritis, particular!}, onl} occasional!} 
have w'e seen se\ere infection preceding the onset of the disease, and in the 
patients in whom w'e have been able to demonstrate focal infection the latter has 
not been of a degree that might deplete the vitamin C reserve Most of the 
patients included in this study were in the outpatient department and were ambu- 
latory and except for the arthritic disability show'ed no striking manifestations 
of infection ObMOUsly, and in our experience, not only are low vitamin C levels of 
the blood found for patients Avitli rheumatic fever and rheumatoid arthritis, but 
they have been practically consistently found for patients wnth these diseases 
This consistency makes the finding significant The question has been raised 
again why we do not see rheumatic fever m patients with scurvy I do not belie\e 
that any one has sufficient data to answ’er this question Obvious scurvy is a late 
and severe form of vitamin C deficiency Clinically manifest scurvy is seen prac- 
tically only in infants and adults It is uncommon to find recognizable scur\v 
in a person of the rheumatic fever age group Is it not possible that this unrec- 
ognized scurvy is present in rheumatic fever or rheumatoid arthritis ^ If a disease 
resembling rheumatic fe\er or rheumatoid arthritis can be produced m animals 
by vitamin C deficiency, it is entirely reasonable that the same deficiency would 
produce comparable states in human beings The evidence of this and other studies 
indicates that significant degrees of vitamin C deficiency exist rather commonly, 
particularly among poorer persons Where then are the diseases that result from 
this^ Dr Cecil has asked w'hy patients fail to improve w'lth an increased intake 
of vitamin C An adequate study of the effect of a high intake of vitamin C 
111 these diseases has not }et been made In some cases the requirement is 
abnormally high As Dr Fletcher has said, the administration of a few glasses 
of orange juice will not answer the problem A high intake of vitamin C, con- 
trolled by chemical studies of the blood, must be maintained over a long period, 
and patients must be follow'ed wuth care for adequate evaluation Certain of the 
deformities produced will not be corrected by any method 

In summar}, I may say that not only experimental but clinical, epidemiologic 
and biochemical studies all point to the possible importance of vitamin C deficiency 
in the etiology of rheumatic fever and rheumatoid arthritis These data indicate 
clearly the importance of comprehensive preventive and therapeutic studies Ade- 
quate control and long periods of observation are necessary 
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Since the suggestion was ouginall}' made that vitamin C deficiency 
may be an important factoi in the etiology of iheumatic fevei,^ there 
has been considerable study of this problem The concept was based 
on experimental observations that a pathologic state with ceitain simi- 
larities to rheumatic fever may be pioduced by subjecting guinea pigs 
to the simultaneous influence of vitamin C deficiency and sti eptococcic 
infection The reports recorded the occurrence of lesions compaiable to 
those of rheumatic fever in the cardiac valves, cardiac muscle and joints 
of the experimental animals so treated The well known epidemiologic 
peculiarities of iheumatic fevei, notably the geogiaphic, seasonal and 
social incidence, are in accord with such a concept A conditioning 
environmental influence is suggested particularly by the dominant occur- 
rence of the disease in the poor 

Stimson, Hedley and Rose " soon offered confiimation of the expeii- 
mental woik and added a brief lepoit on the pioduction of a degen- 
erative and proliferative mj^ocaidial lesion bearing some lesemblance 

Read before the American Rheumatism Association, Atlantic Cit}", N J, June 
7, 1937 
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This investigation was supported by the Christine Breon Fund for Medical 
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1 Rinehart, J F, and Mettier, S R The Heart Valves and Muscle in 
Experimental Scurvy with Superimposed Infection, with Notes on the Similarity of 
the Lesions to Those of Rheumatic Fever, Am J Path 10 61, 1934 Rinehart, 
J F , Connor, C L, and Mettier, S R Further Observations on Pathologic 
Similarities Between Experimental Scurvy Combined with Infection and Rheu- 
matic Fever, J Exper Med 59 97, 1934 

2 Stimson, A M , Hedle}’-, O F, and Rose, E Notes on Experimental 
Rheumatic Fever, Pub Health Rep 49 361, 1934 
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to the Aschoff leaction induced by iiitracaidial injection of stiepto- 
coccus toxin in scoibutic guinea pigs They suggested that the ability 
of an oiganism to produce such lesions might, in part, be dependent on 
Its production of toxin Schultz ^ likewise pioduced nonpuiulent caiditis 
by means of the synergistic influence of chronic scuivy and hemolytic 
stieptococcic infection He said he considered that the changes only 
slightly lesembled those seen in rheumatic fever Moie lecently 
McBioom, Sunderland, Mote and Jones, ^ as well as Tayloi,® have 
recorded the occuiience of degeneiatne and piohfeiatne icactions in 
the caidiac valves of scorbutic animals in which a factoi of infection 
was not expel imentally introduced They observed no cleai diff'eicnce 
in their animals in vhicli expeiimental infection was supei imposed on 
the scoibutic state It is of significance that foi the most pait the 
streptococci used by these authois were deiived from human sources 
and were not satisfactory infecting agents foi guinea pigs ® In our 
original woik, streptococci derived from guinea pigs and natural 
pathogens foi guinea pigs weie used In oui own experience the miu- 
lence of the infecting organism is important in the pioduction of the 
“rheumatic-hke” pathologic pictuie Furthermoie, we believe that some 
of the lesions pioduced by us are more like those of iheumatic fever 
than those described by the authors cited Tayloi lecoided the finding 
of small numbeis of bacteiia in the cardiac muscle of scoibutic animals 
not experimentally infected 

All agiee that infection alone, in the presence of an adequate diet, 
does not pioduce rheumatic-hke lesions Recently seveial clinical 
approaches to the pioblem have been made Warner, Wmteiton and 

3 Schultz, Mark P Cardiovascular and Arthritic Lesions in Guinea-Pigs 
with Chronic Scurv}" and Hemofidic Streptococcic Infections, Arch Path 21 472 
(April) 1936 

4 McBroom, Josephine, Sunderland, Douglas A , Mote, John R, and 
Jones, T Duckett Effect of Acute Scurvy on the Guinea-Pig Heart, Arch Path 
23 20 (Jan ) 1937 

5 Taylor, S Scur\y and Carditis, Lancet 1 973, 1937 

6 The observations made on the animals in group 5 of Taylor’s series are 
of particular interest The four pigs used m that experiment received a basal 
diet free from vitamin C for four weeks Hemolytic streptococci (human source) 
were injected intracutaneously, and thenceforth the pigs received 4 cc of orange 
juice per day All recovered from the scurvy and gained weight continuously 
for the remaining fifteen weeks of the experiment They ere then killed “None 
showed signs of scun^y post mortem The livers were very fatty and hearts 
Avere all slightly enlarged ” The mitral valves were all nodular Histologicalh 
the hearts showed perivascular infiltration, edema and proliferatue mitral Aalvulitis 
There w'as massive endothelial cell infiltration of the auricle in one animal These 
obscrAations are potentially of considerable significance, and the studj should 
be repeated with a larger series of animals 
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Clark," in a detailed dietaiy survey, found the gi oss consumption of 
fresh fiuits and vegetables by iheumatic persons to be equal to oi greater 
than that by controls Howevei , at Christ’s Hospital an inci ease in con- 
sumption of fruits and vegetables was associated with a fall in the 
incidence of rheumatic fevei Other dietaiy changes, howevei, were 
made in the same peiiod, notably an increase in consumption of fat 
(including buttei) and of piotem Although this study was remarkably 
detailed and exhaustive, it is naturally inconclusive No accurate index 
of the consumption of vitamin C is possible from a gloss estimate of 
the intake of fiesh fruits and A^egetables because of extieme variations 
in the vitamin C content of foods of this sort Furtheimore, inheient or 
acquiied metabolic faults and depleting mechanisms weie not considered 

Faulknei ® has studied the reticulocyte response m certain chronic 
infections following administiation of generous supplements of vitamin 
C A rise of 2 to 4 pei cent in the reticulocyte count (young led blood 
cells) occuired aftei liberal administration of vitamin C m most cases 
This study concerned twenty-seven patients with iheumatic fever, eight 
with tubeiculosis of the bone and two with Still’s disease To us 
this suggests a leaction following coriection of a deficienc}’- 

Peiry® examined the vitamin C leserve of five patients with active 
iheumatic fevei and six with quiescent rheumatic fevei His study vas 
based on the uiinaiy excietion following test doses of vitamin C 
Although these examinations revealed evidence of deficiency in a number 
of cases, he concluded that “vitamin C-deficiency is not an impoitant 
factor in the cause of acute rheumatism,” although “mild degrees of 
this deficiency aie not uncommon in iheumatic childien” Sendroy 
and Schultz^® undeitook a careful study of the utilization of vitamin 
C in rheumatic fever Eight of thiiteen patients showed a utilization of 
the vitamin above the calculated normal This the authors ascribed to 
faulty absorption or digestive disturbance The existence oi nonexistence 
of a deficiency befoie dietaiy modification was not studied by them 
More recently Abbasy, Hill and Harris, in a diiect, uncomplicated 
experiment, have investigated the problem, studying laige numbeis of 
patients Their senes included one hundred and seven patients with 

7 W arner, Edwin C , Winterton, Frank G , and Clark, Af L A Dietetic 
Stud}' of Cases of Juvenile Rheumatic Disease, Quart J Afed 28 227, 1935 

8 Faulkner, James The Effect of Administration of Vitamin C on the 
Reticulocytes in Certain Infectious Diseases, New England J Aled 213 19, 1935 

9 Perry, C B Rheumatic Heart Disease and Vitamin C, Lancet 2 426, 

1935 

10 Sendroy, Julius, and Schultz, Alark P Studies of Ascorbic Acid and Rheu- 
matic Fever, J Clin Investigation 15 369, 1936 

11 Abbasy, AI A , Hill, N Gray, and Harris, Leslie J Vitamin C and 
Juvenile Rheumatism, Lancet 2 1413, 1936 
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active rheumatic fe^el, eight} -six convalescent patients, together with 
sixty-four controls, and forty-two patients with surgical tubeiculosis 
in the earlier stages of the disease, as well as fort} -six with quiescent 
surgical tuberculosis All the children were hospital patients and had 
for some time received m their diet more vitamin C than the reputed 
minimum standard These authors found a striking deciease m the 
excretion of vitamin C (evidence of vitamin C deficiency) of the patients 
with active rheumatic fever, patients convalescing from iheumatic fevei 
and patients with active tuberculosis Those with quiescent tuberculosis 
showed a normal excietion Further, it was found extremely difficult 
to “saturate” the rheumatic children with vitamin C In other words, it 
was found that the rheumatic children wei e in a lowered state of nuti i- 
tion relative to vitamin C, and it was concluded that theie is a gieatly 
iiici eased metabolic use of (and need for) vitamin C in iheumatic fever 
Accordingly the authors recommended the giving of laige amounts of 
the vitamin both theiapeutically and prophylactically The finding of 
unsaturation in patients with inactive rheumatic fevei and those conva- 
lescing from rheumatic fevei suggests either an unusual depletion oi a 
greater than average requiiement for vitamin C in “iheumatic” childien 

Fanner and Abt have lecently described a method for the deteimin- 
ation of the reduced cevitamic acid content of the blood plasma and 
have leported that the values obtained by this method paiallel the intake 
of vitamin C and aie an accurate index of the nutritive state lelative 
to this food We^® have confirmed this work, showing that in noimal 
persons the vitamin C content of the plasma duiing fasting is an accurate 
index of the intake of vitamin C and that the data so obtained are com- 
parable to those obtained by studies of urinary excietion The method 
affords a simple and direct way of determining the immediate nutritive 
status of a person relative to vitamin C If serial detei inmations are 
made with a conti oiled intake of the vitamin, an estimate of the degree 
of unsaturation can be ascei tamed Using this method of study, we“ 
reported briefly the almost consistent finding of a low vitamin C con- 
tent of the plasma m cases of rheumatic fevei in which significant 
modification of the dietaiy habit had not been made preceding the 
determination The present lepoit deals with a more extended study of 
the pioblein, similar methods being used Fiom accumulated evidence 

12 Farmer, Chester J , and Abt, Arthur F Ascorbic Acid Content of Blood, 
Proc Soc Exper Biol 8. IMed 32 1625, 1935 

13 Greenberg, L D , Rinehart, J F, and Phatak, N Studies on Reduced 
Ascorbic Acid Content of the Blood Plasma, Proc Soc Exper Biol & Med 35 
135, 1936 

14 Rinehart, J F , Greenberg, L D , and Christie, A U Reduced Ascorbic 
\cid Content of Blood Plasma in Rheumatic Fever, Proc Soc Exper Biol & 
Med 35 350, 1936 
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we believe that optimal levels of the vitamin C content of the blood foi 
children aie above or at 0 9 mg per bundled cubic centimeters Values 
between 0 7 and 0 9 mg ai e probably adequate, but values below 0 5 
mg must be considered low 

The present lepoit is based on a study of foity-two patients with 
active iheumatic fevei and twenty-two with “interval” iheumatic fevei 
without clinical evidence of activity The great majority of the patients 
were children One control gi oup consisted of nineteen childien admitted 
to the University of California Hospital for tonsillectomy These 


Table 1 — Vttamm C Content of *hc Blood 



A itamin 0, Mg per 100 Cc 

Values 



A 


Beloii 


ko of 



0 5 Mg, 


Cases 

Range 

A^ erage 

% 

Acute rheumatic feier, unmodified diet 

SO 

on 06S 

0 30 

07 

Acute rheumatic fever, modified diet* 

12 

012 0 83 

0 57 

25 

Inactive rheumatic heart disease (adults and chil 





dren) 

22 

0101 20 

038 

78 

Miseellaneous Infections (children) 

02 

0 OS 1 20 

0 4S 

59 

Miscellaneous noninfectious pathologic states (chil 





dren) 

67 

013150 

0 70 

28 

Controls (tonsillectomy and adenoidectomj) 

10 

0 22 1 57 

0 81 

20 

Tuberculosis (hospitalized children) 

no 

0 00 1 55 

0 79 

25 

Tuberculosis (newly admitted children) 

6 

on 1 21 

0 81 

33 


• Tho mdnidual plasma le^el and tlie dietary modification in each case were as folloas 


Cevitamic Acid, 
Patient Mg per 100 Cc 


Diet Modification 


J P 

0 83 

W S 

0 62 

W 

0 82 

B B 

0 74 

M W 

0 71 

r AV 

018 

G B 

012 

0 N 

0 48 

J M 

0 50 

B 

0 65 

P K 

0 61 

J C 

0 57 


ApproMmately 3 liters of orange juice during 4 days prior to analysis 
500 CO of tomato juice daily for past 3 weeis 

Approvimatelj 1 liter of orange juice daily for 2 wl. prior to annljsis 
Considerable increase m vitamin O intalie during past month 
Orange juice, 750 cc daily for 5 days pnor to analysis 
Approximately 1 liter of orange juice daily for 1 wi. prior to analjsis 
One month ago, 1 liter of tomato juice for about 2 weeks, then orange 
juice, 1 liter up to 1 week ago 
Orange juice or tomato juice, 250 cc daily for past month 
Orange juice, approximately 200 cc daily dunng past 5 months 
Orange juiee 2,500 cc during 2% days preceding test 
Increased vitamin C intake for past 3 weeks (since onset of present 
Illness) 

High ritamin O diet for past 4 dars 


children were of the same social status as those with iheumatic fevei 
Other contiol groups include ninety-two childien with miscellaneous 
infections and sixty-seven patients with miscellaneous pathologic con- 
ditions unassociated with obvious infection (table 1) With few excep- 
tions all determinations were made on blood samples taken with the 
subject in the fasting or postabsorptial state 

The patients with active rheumatic feAi-ei included thirty patients 
for whom no significant modification of the diet was known to have 
been made prioi to the initial analysis Twelve patients must be con- 
sidered sepal ately because a rathei maiked inciease in the intake of 
vitamin C Avas instituted prior to the first plasma determination A 
summary of the data relative to the seveial groups is given in table 1 
It is seen that the vitamin C content of the blood Avas almost uniformly 
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lowered for patients with active rheumatic fever whose diet had not 
been significantly changed preceding the test The average ^alue foi 
this group was 0 3 mg per hundred cubic centimeters, 97 per cent 
showed values below 0 5 mg, which is considered the lowei limit of 
“normal ” These values he in the range which Ingalls said he con- 
sidered indicates definite deficiency This study adds suppoit to the 
idea that infection per se acts to deplete the vitamin C leseive How- 
ever, the patients with nonrheumatic infection were not found to be 
depleted as unifoimly oi as strikingly as those with rheumatic fevei, 
although in most instances the clinical evidence of active infection was 
more prominent 

A large group of tubeiculous childien who had been hospitalized 
for a few days to seveial years were available foi studj Because the} 
had been hospitalized and had leceived moderate or generous supple- 
ments of vitamin C, they weie not entirely suitable as contiols How- 
ever, the discoieiy that appioximately 50 per cent of them showed a 
Mtamm C value at or above 09 mg pei hundred cubic centimeters 
suggests that this is probably the optimal metabolic range for childien 
Of particular interest is the group of patients with chiomc or inactive 
iheumatism The aveiage level for the twenty-two patients was 0 39 
mg Sevent>-six per cent gave values below 0 5 mg A subdivision 
of this group IS of even greater interest Eight iheumatic childien, 
whom we had been following in the clinic for six months to thiee years, 
were examined during the spring of 1937 They showed no clinical 
evidence of an active rheumatic piocess The respective vitamin C 
levels of the plasma were as follows 0 18, 0 18, 0 14, 0 IS, 01, 12, 
045 and 0 24 mg pei hundied cubic centimeters Only one of the 
entile group showed a satisfactory plasma value, and six of the eight 
showed values which weie in the lowest ranges This is the moie 
lemarkable in that these patients had been repeatedly uiged to include 
liberal amounts of vitamin C in then diet These data show that a high 
peicentage of “iheumatic” patients, though not sufteiing fiom actne 
disease, are in a potential if not an actual scorbutic state It is obvious 
that any therapeutic study diiected at estimation of the piotective value 
of Mtamm C against the onset oi lecurrence of rheumatic fevei must 
be iigidly controlled 

It was possible to make one or moie deteiminations of the vitamin 
C content of the plasma foi nineteen of the patients with active rheu- 
matic fevei after the administration of hbeial supplements of vitamin C 
The results are shown giaphically in chait 1 It will be seen that there 
aie three general tipes of cuives Eight patients shoued a i datively 

15 Ingalls, T H Studies on the Unnan' Excretion and Blood Concentration 
of Ascorbic Acid in Infantile Scurij, J Pediat 10 577, 1937 
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Chart 1 — Metabolism of vitamin C in rheumatic fever Curves for patients 
with active rheumatic fever, showing- the response of the blood plasma to the 
administration of vitamin C 


r 



DAYA ON V/TAMIN C SUPPLEMENT 


Chart 2 — Metabolism of vitamin C in rheumatic fever Parallel curves of the 
cevitamic acid content of the plasma and of the twenty-four hour urinarj^ excre- 
tion of cevitamic acid, illustrating the abnormal metabolism in a case of rheumatic 
fever 


E4 hou.T uTinary ey.creiion 
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prompt use in the plasma value, six exhibited a rise but ^\lth a decided 
lag Five exhibited an unexpected and as yet unexplained phenomenon 
in that they failed to show a satisfactory response even after prolonged 
and massne doses of the vitamin One such case is of great interest 

J Ke, a 15 year old bo 3 , had the initial rheumatic injurj of the heart si\ 
3 ears before the present stud 3 \vas made He entered the hospital with recurrent 
acute rheumatic fe\er associated with se\ere decompensation In this instance 
we had the opportunit 3 '’ to make repeated estimations of the vitamin C content 


Table 2 — Daily Vitamin C Supplement in Cases Illustiatcd in Chait 1 



Age, 

treatment, 


Patient 

tears 

Dajs 

Daily Supplement of Vitamin C 

T 

9 

2 

Orange mice, 250 cc 

B S 

S 

3 

Vitamin C, 100 mg 

E 33 

9 

7 

Orange juice, 500 cc 

E P 

14 

12 

Orange juice, 500 cc 

E G 

5 

7 

Vitamin C, ICO mg 

r B 

11 

7 

Orange juice, 500 ec 

J E 

6 

2 

Vitamin C, 200 mg 



3 20 

Vitamin C, 150 mg 

S B 

5 

6 

Vitamin C, 100 mg 

T E 

13 

12 

Vitamin C, 150 mg 

31 G 

13 

44 

Orange juice, 500 cc 

L G 

s 

11 

Orange jnice, 500 cc 

J C 

S 

15 

Orange juice, 500 cc 

I 0 

13 

29 

Vitamin C, 100 mg 

C S 

21 

0 

Vitamin 0, 550 mg (test dose) 



2 

Vitamin O, 550 mg (test dose) 



3 

Vitamin C, 60 mg 



4“ 

Vitamin C, 100 mg 



S-13 

Vitamin C, 200 mg 



13 30 

At home, mtaXe uncertain 

G B 

21 

14 

Vitamin C, 200 mg, and orange juice, 500 cc 



15 18 

9 * 



19-49 

Vitamin 0, 200 250 mg 

VI M 

11 

o5 

Orange juice, 500 cc 



14 26 

Vitamin C, 150-200 mg , and orange juice 



yi 5 j 

Vitamin C, 150 mg , and orange juice 

31 0 

72 

4 

Vitamin C, 400 mg (intravenous) 



47 

Orange juice 



715 

Vitamin C, 150 mg 

r W 

27 

27 

Orange juice, 500 1.COO cc 



23 4S 

Vitamin C, 200 mg (muscular), and 100 mg (intravenous) 

T Kc 


54 

High vitamin O (muscular) and (intravenous) (chart 2) 


of the plasma as well as of the urinary output (chart 2) The initial plasma 
level w'as 016 mg per hundred cubic centimeters After a moderate test dose, 
of 275 mg , of cevitamic acid, a relatnely high urinary excretion (80 mg ) occurred 
in the subsequent twenty-four hours After this he was gi\en a daily oral supple- 
ment of 100 mg of ceMtamic acid Two days after the test dose the plasma 
leiel was still severely lowered (026 mg) In the ensuing eleven dav's the 
twent 3 -foiir hour unnar 3 excretion of cevitamic acid ranged from 20 to 60 mg, 
although the plasma levels during fasting remained between 012 and 027 mg 
per hundred cubic centimeters At this time, in addition to the oral supplement of 
100 mg, the daih intravenous administration of vitamin C was started, as 
indicated m the graph For seven da 3 s the urmar 3 output was lower than the 
preceding average, and the plasma level showed no significant change However, 
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there was a remarkable improvement in the clinical condition of the patient within 
two days after the first intravenous injection of the sodium salt of cevitamic 
acid The critical phase of cardiac decompensation had passed, and progressive 
improvement followed This improvement was augmented later by diuresis induced 
with salyrgan It is interesting that eventually a high urinarj' excretion occurred 
in spite of a persistently lowered vitamin C level of the blood On the thirty- 
second day of illness a second oral test dose of 275 mg of cevitamic acid was 
administered Two hours later the cevitamic acid level of the plasma was 0 53 mg 
per hundred cubic centimeters The ensuing fifteen hour urmarj output was high 
(220 mg ) 

This lecoid indicates that m certain cases of severe active iheumatic 
fevei theie may be a significant fault m the vitamin C metabolism 
Although not conclusive, a lecord such as this suggests that the lenal 
threshold for vitamin C may be abnormally lowered Usually the plasma 
level and the uiinai}'’ excietion are closely paiallel,’-® although this t}^^ 
of leaction has been obseived m a few cases 

COMMENT 

These data aie m accord with our piehminaiy obsei vation and 
with the extensive stud}’’ of Abbasy, Hill and Haiiis’-’^ and indicate a 
subsaturation oi suboptimal nututional state lelative to vitamin C not 
only m active iheumatic fevei but commonly m the mteival oi inactive 
phases of the disease The three mam possibilities which suggest them- 
selves as the basis of this aie, first, a deficient intake, second, depletion 
by the disease itself oi by pieceding infection and, third, an inherent or 
acquired metabolic fault It is piobable that one or moie of these 
mechanisms may opeiate in a given case The work of otheis that has 
been summarized heie and oui own studies, we feel, stiongly suppoit 
the concept that vitamin C deficiency may be an mtegial pait of the 
mechanism in the pathogenesis of rheumatic fevei Piolonged, well con- 
trolled and carefully judged theiapeutic and piophylactic studies appear 
to be indicated 

Although It IS known that the vitamin C le\el of the blood plasma 
in normal and most pathologic states is an index of the intake of vitamin 
C and gives data compaiable to the data based on urinaiy excietion the 
full significance of the occasional occuirence of consistently loweied 
plasma levels in the face of a high intake of vitamin C is not known 
No accurate data aie available on the vitamin C content of connective 
tissue It IS possible that the lattei is dependent on an adequate con- 
centration m the blood foi noimal metabolism Lowered cevitamic acid 
levels of the blood aie obviously not solely found in iheumatic fevei or 
rheumatoid arthritis, and in individual cases they do not denote scuivy 
The latter is a tissue change lesulting from the opeiation of suboptimal 


16 Greenberg, Rinehart and Phatak Rinehart, Greenberg and Christie 
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01 low metabolic levels ovei some peuod of time Howevei, the finding 
of piactically unifoimly lo\\ered vitamin C levels m the blood m iheu- 
matic fevei, not only in the active but commonly m the quiescent phases 
of the disease, together with othei accumulated evidence cited, stiongly 
suggests that vitamin C deficiency exists in this disease and is of etiologic 
significance 

SUMMARY AND CONCLUSIONS 

The cevitamic acid content of the blood plasma is piactically 
uniformly low foi patients with acute iheumatic fever if a significantly 
high mciease m the intake of vitamin C has not been made preceding 
the deteimination Fuitheimoie, the majoiity of patients convalescent 
fiom iheuraatic fevei oi with inactive iheumatic fevei also show low 
blood plasma values This study is m accoid with that of Abbasy, Hill 
and Hail IS, vhich was based on uiinaiy excietion of vitamin C Obsei- 
vations aie cited indicating that a fundamental fault in metabolism of 
vitamin C exists m some cases of acute iheumatic fevei These data 
indicate that vitamin C deficiency commonly exists m iheumatic fever, 
and they add suppoit to the concept that this deficiency may be of 
etiologic significance in the disease Piolonged and caiefully conti oiled 
piophylactic and therapeutic studies aie indicated 
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A COIMPARATIVE EVALUATION IN 
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The first reference to the serologic diagnosis of amebiasis was made 
by Izar,’- in 1914 He experimented with complement fixation, the 
technic on which the Wassermann reaction foi the diagnosis of syphilis 
IS based While spoiadic studies were subsequently made, it lemained 
for Craig- (1927) to place this test on a relatively practical basis by 
improving the preparation of the antigen and standaidizing the technic 
Later attempts to impiove the Craig test resulted m minoi changes by 
Sheiwood and Heathman ® (1932), Weiss and Arnold^ (1934) and 
Tsuchiya ® (1934) Each of these workers oi pan of workers with a 
different modification of the test has corroborated, m the main, Craig’s 
contention of the specificity of complement fixation in the diagnosis of 
amebiasis Details of the history and development of this piocedure 
have been treated adequately in Ciaig’s® excellent monogiaph entitled 
“Amebiasis and Amebic Dysentery” (1934) 

Read at the annual meeting of the American Society of Tropical Medicine, 
Baltimore, Nov 18, 1936 

From the Gastro-Intestmal Section of the Medical Clinic of the Johns Hopkins 
Hospital and Medical School and the Department of Protozoology, the Johns 
Hopkins School of Hygiene and Public Health 

1 Izar, G Ueber das Vorkommen spezifischer Antikorper im Serum von 
Amobenruhrkranken (Entamoeba tetragena), (supp ) Arch f Schiffs- u Tropen- 
hyg 18 36-39, 1914 

2 Craig, Charles F Observations upon the Hemolytic, Cytolytic and Com- 
plement-Binding Properties of Extracts of Endamoeba histoljtica, Am J Trop 
Med 7 22S-240, 1927 

3 Sherwood, N P , and Heathman, L Further Studies on the Antigenic 
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5 Tsuchiya, H Further Studies on the Cultivation of Endameba Histolytica 
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1934 

6 Craig, C F Amebiasis and Amebic Dysenter}^ Springfield, 111 , Charles 
C Thomas, Publisher, 1934 
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Interest in amebiasis has gi eatly increased in i ecent } eai s, especialh 
since the epidemic in Chicago in 1933 Clinicians and \\orkeis in diag- 
nostic laboratories have been desirous of making use of seiologic 
methods the geneial principles and technic of which are familiar to them 
Thus far no objective evaluation of complement fixation in amebiasis 
as it IS employed at present in clinical practice has appealed The pres- 
ent report presents and analyzes some data m this regard statistically 

PURPOSE 

Heietofore piacticall} all the work on complement fixation in amebi- 
asis has been earned on by the originator of the lmpro^ed method and 
by the proponents of the seveial modifications It was oui desire to 
test this procedure as a diagnostic aid in clinical piactice To this end 
and in order to avoid all possible bias, a cooperative investigation was 
undertaken b)'' an mteimst, whose major interests lay in digestive dis- 
eases, a protozoologist and 3 serologists Two of the seiologists had no 
direct connection with the founding of the test oi of its modifications 
The protozoologist and the seiologists weie nevei acquainted with each 
other’s results, and the chaiacter of each case was not divulged to them 
until the completion of the study The cases imestigated. with raie 
exceptions,^ called foi extensive studies of the digestive tiact, including 
special examinations of the stools It is in this paiticulai type of case 
that information deiived fiom the complement fixation test would be 
most valuable to the clinician 

MATERIAL AND METHODS 

Mafeiial — The clinical material on which this study is based consisted of 14 
persons without symptoms and 136 hospital and private patients exhibiting some 
abdominal symptoms All these persons were grouped according to the disorder 
presented or other criteria, as follows 

Chronic Ulcerative Colitis The patients with this disorder presented involve- 
ment of the large intestine, regional or general, including the rectum, which 
resulted m a sanguineous, mucosanguineous or mucopurulent exudate, with or 
without diarrhea, and which was due to unknown or undemonstrable factors 
Those from whom Endamoeba histoh'tica was isolated but in whom specific 
amebicidal therap}’- resulted in eradication of the parasite without the obtaining 
of complete subjective and objective relief were regarded as having ulcerative 
colitis and not amebic dvsenterj' 

Amebic Dysenterj The patients with this disorder presented blood and pus 
in the dejecta from which E histolytica was isolated and responded completely — 
subjectively and objectneh — to specific amebicidal therapy 

Bacillary Dysenterv The patients with this disorder showed the dysenteric 
syndrome without the presence of E histolvtica, and from them the Flexner bacillus 
w'as isolated 


7 Fourteen passers of Endamoeba histolytica cysts who appeared to be m 
good health w'ere encountered during protozoologic sur\eys and were included m 
this stud\ 
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Indeterminate Dysentery The patients with this disorder show ed the d 3 'senteric 
syndrome, but the site or cause of involvement could not be demonstrated 

Chronic Diarrhea The patients with this disorder had ill formed, relatively 
frequent bowel movements, without blood and pus 

Disorders Marked by Varied Abdominal Symptoms The patients with these 
disorders presented long-standing, frequently indefinite and heretofore undeter- 
mined abdominal symptoms, which were sufficiently annoying or severe to cause 
them to seek and to permit intensive study, which were not characteristic of the 
aforementioned conditions and for which no causative organic disease could be 
found There were 4 exceptions Later, 3 of the patients were discovered to 
have intestinal malignant growths, and 1 typhoid The chief complaints were those 
of pyrosis, eructation, flatulence, distention, constipation, constipation together with 
a rare tendency to loose but not frequent stools, borborygmus, generalized abdomi- 
nal discomfort, abdominal pain which varied as to location and seventy from time 
to time, easy fatigability and a feeling of being “just below par” By some these 
complaints have been classified as indicating psychoneurosis Craig has reported 
similar symptoms as being due to E histolytica 

Healthy Carriers The healthy carriers were a group of 3 ''oung men and women 
without any symptoms in whom cysts of E histolytica were encountered during 
protozoologic surveys and m whom immediately subsequent complete clinical 
examinations revealed no organic disease 

No Diagnosis There was no opportunity given for clinical investigation in 
some instances, and no diagnosis was made, but cysts of E histolytica were 
encountered during a protozoologic survey 

Fecal Exaimnafious — Dejecta were submitted to the protozoologist for imme- 
diate examination, usually prompt^' after defecation The number of examinations 
recorded in table 1 indicates those made by him The protozoologic diagnoses 
shown are solely his own In certain instances material was taken directly from 
the site of involvement through the rectosigmoidoscope and was examined at once 
Smears stained with iron hematoxylin and cultures in the Tanabe-Chiba and 
Cleveland-Colher mediums were frequently prepared from this material by one of 
us (Dr Paulson) The iron-hematoxylin preparations and questionable cultures 
were observed also by the protozoologist In practically all instances more exami- 
nations of stools were made than is indicated by table 1, since frequent observations 
by house officers and technicians have been disregarded because it was not desired 
to assume responsibility for their work 

Serologic Exammahons — Serums were sent to one or more of three labora- 
tories,® herein designated as A, B and C Laboratory A had at different intervals 
the Craig, Sherwood-Heathman and Arnold antigens Laboratory B had only the 
Craig antigen, and laboratory C, an Arnold antigen Laboratories B and C pre- 
pared their own antigens Samples of serums were mailed to the second and third 
laboratories The technic employed with each antigen was that outlined by the 
investigator whose name is associated with the antigen These details have been 
adequately described in original papers and reviewed by Craig ® 

8 Laboratory A was the Albert Keidel-Joseph Earle Moore Laboratory, Balti- 
more For use in this laboratory Drs Sherwood and Arnold kindly submitted 
their own antigens, and Capt Williams sent a Craig antigen made in the Army 
Medical School Laboratory B was the Serologic Laboratory (in charge of Capt 
W C Williams) of the Army Medical School, Washington, D C Laboratory C 
was the Department of Pathology- and Bacteriology (Prof Lloyd Arnold in 
charge) at the College of Medicine, University of Illinois, Chicago 
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9 
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* The decimal numbers represent the fraction of a cubic centimeter of antigen employed 
t Coproculturo on Cleveland Collier and on Tanabe Chiba medium, smears stained vrlfh 
iron and hematoxylin 

} E histolytica iras not found at this time, although the organism was present one month 
before 

5 Coproculturo on Cleveland Collier and on Tanabe Chiba medium 
H E histolytica not found at this time 
U With ileitis 

ti Associated with lymphogranuloma venereum 

•• EberthcUa paradysenteriae (Flexner) isolated from feces 
H Condition later diagnosed as typhoid 
}{ Intestinal malignant growth 

§5 Allcroscopio examinations were complicated by the presence of banum sulfate (Andrews 
1 , and Paulson, M Am J M Sc 181*102106, 1931) 
till Smears stained with iron hematoxylin 
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In the beginning it was planned in each case to obtain a series of multiple 
serologic reports based on different antigens This design was frustrated by the 
shortage of antigens and serums, by the contamination and anticomplementary 
action of certain serums and occasionally by the nonreceipt of serologic reports 


RESULTS 

Geneial Data — The results of the clinical, seiologic and parasito- 
logic examinations in the 150 individual cases are shown in table 1 and 


Table 2 — Compauson of All Setologtc and Parasitologic Findings in 
Various Clinical Groups 
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* These patients were encountered dunng a protozoologic survey of convicts in a local 
penitentiary They ivere not exanuned clinically but had not complained of ill health 


are summarized in table 2 For the 163 serums submitted for examina- 
tion there were reports based on a single antigen m 70 cases, based on 
two antigens or from two laboratories m 62 cases, based on three anti- 
gens or from three laboratories in 19 cases and based on four antigens 
in 12 cases 
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The aveiage numbei of fecal examinations made in the cases m 
which positn e i esiilts w ei e obtained was 1 5 in the cases m which 
E histolytica was not found, 2 5 As indicated in table 1, many of the 
examinations of fresh stools were supplemented by the inspection of 
smears tieated with iron hematoxylin and by attempts to demon- 
strate the organism in eithei the Cleveland-Collier or the Tanabe-Chiba 
medium The obseivations on stained smears added nothing to the 
results of examination of fiesh mateiial but weie frequently of con- 
fiimatoiy interest In 4 cases E histolytica was hist seen on the 
Tanabe-Chiba medium, m 2 of these cases there was giowth on the 
othei cultuie medium also Even an appi oximation of efficiency m 
detecting E histolytica in the present series can haidl} be ventured 
Some of the stools submitted were foimed, theieby i educing the diag- 
nostic efficiency Othei s weie loose, owing either to the natuie of the 
patient’s disoidei oi to the fact that a puige had been given in ordei 
to inci ease the likelihood of finding protozoa m the stools Thus, it is 
to be emphasized m this as m othei similai studies that while positive 
lesults of microscopic examinations foi E histolytica aie i datively 
dependable, the same degiee of leliability cannot be attached when 
organisms aie not found 

Pai tially positive i eactions, to the complement fixation test, i e , 
weak, doubtful, l-(- or 2-j- oi a fixation of less than 75 pei cent, aie 
shown sepal ately in tables 1 and 2, as it was subsequent!} found that 
the inclusion oi exclusion of these instances in which theie was a 
positive leaction modified the efficiency of the seiologic tests in a 
marked though vaiied manner 

Compai 1 S 011 of Laboi afoj y Fmdtngs m Chmcal Gi oups — When the 
individual patients weie combined into clinically similai gioups, as, foi 
example, those with chionic dianhea, and when the positive diagnoses 
with all seiologic systems were used (table 2), the gioups of those m 
whom E histolytica was found regulaily showed highei ratios of 
positive lesults than did those in whom E histolytica was not found 
111 no gioup 01 fi action of a group did it closely approach 100 per cent, 
and in all gioups a positive reaction was lepoited foi a number of 
patients in whom E histolytica was not found The differences in 
the latios of the positive lesults for the vaiious gioups are not sig- 
nificant, owing pninarly to the small numbers invohed For the total 
numbei of persons examined, howevei, the diffeience is significant, and 
when only patients with known symptoms of amebiasis aie considered 
it IS moie highly significant, indicating that complement fixation is 
moie successful in appiehending symptomatic than nonsymptomatic 
amebiasis 

9 Andrews, Justin The Diagnosis of Intestinal Protozoa From Purged and 
Kormalh -Passed Stools, J Parasitol 20 253-254, 1934 
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An attempt to e^aluate more critically the laboratory results with 
respect to the A'^aiious clinical entities was made by applying the chi- 
square test to fouifold tables showing the association of cases in which 
E histolytica was found with those cases in which complement fixation 
was positive Foi this purpose the lesults obtained with all antigens 
in all laboratoiies were used, and paitially positive results weie con- 
sidered as positive As shown in table 3, this procedure gave more 
significant lesults when applied to the combined seiologic data than 
when only stiongly positive leactions were lead as positive The object 
was to deteimine foi each clinical group the number of times in 100 
that similar combinations of positive and negative results regarding 
the two attributes might be due to chance alone The greater the 
probability of random assoitment, the less likely it becomes that the 
indicated association of the attributes is meaningful and significant 
The determination of the point at which purely accidental distribution 
stops and significant i elationship begins is an arbitrary one Most statis- 
ticians considei a probability of 4 oi 5 times in 100 (i e , equivalent 
to a chi-square of 4, or a difterence of twice its own standaid deviation) 
to be a practical limit to the significant concuirence of two attiibutes 
Thus if they may occur togethei by sheer chance moie frequently than 
4 or 5 times m 100, theie is little likelihood that they aie significantly 
related, whereas if then association is shown to be one which might 
happen by chance less than 4 oi 5 times m 100, the assumption of a sig- 
nificant relation is usually justified 

The data on amebic dysentery m this senes are not susceptible to 
this type of statistical analysis, as there was deliberate selection 
in respect to the piesence of E histolytica No dysentery was termed 
amebic unless oiganisms were found One patient came to oui atten- 
tion early m the course of the disorder, and possibly the serologic tests 
(with negative results) were made before specific antibodies had had 
an opportunity to develop This may have been the case in other 
instances 

In none of the other three clinical gioups of patients tested does 
the association of positive serologic and parasitologic findings appeal 
to be significant on the basis of the small numbeis involved Neverthe- 
less, the computed probabilities of similar assoitments by chance show 
that positive complement fixation leactions are less likely to have a 
fortuitous distiibution with lespect to the finding of E histolytica in 
the case of “varied abdominal symptoms” than with either “chionic 
diarrhea” or “ulcerative colitis” Unless many amebic infections weie 
not recognized pai asitologically, this shows a strong tendency for falsely 
positive reactions to occur in ulcerative colitis, an obseivation which 
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has already been made by Sher\\ood and Heathman,“ Kiefer^® and 
Craig, “ and suggests that the same may be true with regard to chronic 
diarrhea It is m cases of these conditions that serologic information 
might be most helpful to the clinician However, all persons studied 
being taken as one group, the association of positive attributes is sig- 
nificant, and, as indicated previously, when the group is restricted to 
patients with abdominal symptoms, it is e^en moie highly significant 

Compauson of Vaiious Technics of Complement Fixation — From 
the standpoint of general agieement of reports on the same antigen 
even m difiterent hands, the results showed remarkable coi respondence 
when It IS considered that the antigens of the same type used in dif- 
ferent laboratories may not have been of the same lot or of the same 
age The Ciaig antigens reacting with the same serums m laboratories 
A and B agreed m 73 6 per cent of the 72 cases when partially positne 
reactions were regarded as positive and in 91 7 per cent when partially 
positive reactions were considered negatne Only 8 seiums were 
tested with Arnold antigen in laboratories A and C Five of these 
were reported as showing a negative reaction by both serologists, 3 
were reported as showing a 4 4- reaction in laboratory C and a negative 
reaction in laboratory A 

The results obtained with the Craig antigen compared favorabl} 
with those obtained with the Sherwood antigen in laboratory A Of 
29 serums tested with both, 96 6 per cent agreed when partially posi- 
tive reactions were listed as positn e and 89 7 per cent when they wei e 
called negative 

The Arnold antigen in laboratoiy C gave results which weie least 
conformable with those based on the other antigens Compared with 
the reactions obtained with the Ciaig antigen in laboratory B, only 
54 2 per cent of tire reactions agieed irrespective of how the partially 
positive reactions were classified 

In compaiison of multiple examinations with similar or different 
antigens the following results were obtained Two reports were avail- 
able in each of 62 cases With partially positive reactions considered 
as positive, 694 per cent of the reports agreed, with partial reactions 
considered as negative, 83 9 per cent agreed In the 19 instances in 
which three reports for each w^eie obtained, 684 per cent of the reports 
were in agreement wdren the partially positive reactions were consid- 
ered positne and 842 per cent when they were classified as negatiie 

10 Kiefer, E D The Craig Complement-Fixation Test for Amebiasis in 
Chronic Ulceratne Colitis, Am J M Sc 183 624-631, 1932 

11 Craig, C F Further Observations upon the Complement Fixation Test 
in the Diagnosis of Amebiasis, J Lab & Clin J^Ied 18 873-881, 1933 
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Reports based on four antigens were forthcoming in each of 12 cases, 
and 33 3 per cent agreed irrespective of the manner in which the doubt- 
ful results were listed 

From these considerations it appears that the complement fixation 
test in different hands and with different antigens gave moderately com- 
parable results, with the exception of those reported with the Arnold 
antigen in laboratoiy C As a geneial rule, greater coi respondence of 
lesults was secured by giouping partially positive reactions with nega- 
tive reactions 


Table 3 — Compcmson of Results of Vaiious Methods of Complement Fixation 
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A comparison of the results with the vaiious technics of complement 
fixation IS shown in table 3 As theie was no extensive senes of 
multiple serologic reports on the same material, relative evaluations of 
the probable efficiency of each method were determined by utilizing 
the statistical approach pieviously described 

Casual inspection of table 3 shows that the Arnold antigen (laboia- 
tory C) gave the highest incidence of positive serologic results in the 
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cases in which E histolytica ^^as demonstrated but that it also ga^e 
the highest incidence of positive lesults in the cases in which no amebas 
were found ^Vhen only strong leactions are legarded as positne, the 
Arnold antigen appears to give highl)^ significant lesults, which is the 
moie lemaikable because of the lelatively small number of cases 
involved Of all the antigens used, the Arnold antigen, accoiding to 
the record of positive reactions, seems to be furthest lemoved from 
chance association wnth E histol3dica When the w^eakly positive leac- 
tions are included as positive, its accuiacy m this senes becomes less 
Appaiently this antigen is more sensitive than the others, showing moie 
true positne leactions but also moie false positive leactions, especialh 
if paitial reactions aie considered significant It should be noted that 
this antigen w^as prepared by the originatoi of the Arnold modification 
and \vas used accoiding to the piocedures developed by him in his owm 
laboiatoiy This may have been an advantage not shared by the othei 
laboratories The fact that the Arnold antigen in laboratory A did not 
leact wnth any of the serums supports this likelihood 

The Craig antigen seemed to be less sensitive than the Arnold anti- 
gen It was slightly more successful m laboratory B than in laboiatoiy 
A Curiously, the inclusion of partially positive leactions with positne 
reactions in laboratoiy B increased its relative efficiency, whereas the 
same manipulation in laboratory A reduced the likelihood of significance 
This diiects attention to the fact that the same system, but not neces- 
sarily the emplo3anent of the same materials, in two laboi atones ma3' 
give diverse results, owing peihaps to the use of biologic materials of 
different stiength oi age, to apparently unimportant differences in 
technic or possibl3’- to variations in inteipietation, especially of bordei- 
hne leactions 

The Sheiwood antigen, wdiile appaientl3'^ as sensitive oi moie so 
than the Ciaig antigen, failed to compaie favoiabl3'- fiom the standpoint 
of confirming the paiasitologic diagnoses 

Summaiizing these findings in i elation to the chi-square calcu- 
lations, it IS possible to list in order of decreasing significance the results 
of the seiologic reports ( 1 ) the Arnold antigen in laboratory C, 
paitially positive reactions being excluded, ( 2 ) the Ciaig antigen in 
laboiator3' B, paitiall3'’ positive leactions being included, ( 3 ) the Craig 
antigen in laboi ator3'’ A, partial^ positive reactions being excluded, and 
( 4 ) the Sheiwood antigen in laboi atory A, partiall3'’ positive reactions 
being included It is possible, as has alread3'^ been shown (table 2 ). 
that a positne leaction w'-as associated -with knowm amebiasis more fre- 
quentlv in cases of “amebic d3senter3f” and “varied abdominal symp- 
toms” than in the cases of othei d3fsenteries and diarrheas and that 
some of the appaient diffeiences in the accuiac3* of the various sero- 
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logic systems may have been due to an unequal representation of the 
clinical types tested in each S 3 '^stem Nothing more than foituitous 
factors influenced the distribution of the serums to the laboi atones, as 
IS indicated by the percentage of specimens examined b> each laboi atoiy 
from patients in whom E histolytica Avas found (table 3) m comparison 
with the percentage of cases in the entire group in which E histolytica 
was demonstrated The specimens examined in laboratoi} A with the 
Arnold antigen constitute a minor exception , but as no positive i eaction 
was reported, no conclusions are diawn regarding it 

COMMENT 

At the outset of this study it w as recognized that our experience with 
complement fixation m the diagnosis of amebiasis could haidly be 
expected to give as auspicious results as those obtained in the develop- 
ment and evolution of the technic We could only hope that our 
experience would be fairly repiesentative of that of the clinician who 
having exhausted other facilities for the solution of difteiential diag- 
nosis m some of his more perplexing cases of abdominal disordeis, 
undertakes to obtain additional diagnostic information by sending seium 
to a laboratory foi a report on the complement fixation with legaid 
to amebiasis 

The disparity between the lesults leported and those of the original 
investigators was undoubtedly conditioned by a number of factors Oui 
clinical material was deiived fiom hospital and private patients and in 
many instances was not under oui complete control While our medical 
colleagues were always coopeiative, thej'^ were frequently satisfied with 
a less extensive study of stools than we desired Some patients weie 
available for onl}'’ brief periods for a diagnostic survey Theie Aveie 
no opportunities for checking our results m these cases These aie 
difficulties inherent in clinical practice Oui serologic leports came 
from laboratories wheie the woik was treated as pait of the loutine 
It did not, therefoie, in all probability, receive the special attention that 
It might have been accorded had it been a special lesearch project We 
have no way of estimating the original potency of the antigens used, 
their age or the care AVith which they were employed or of finding out 
whether special controls, such as serums knoAvn to react stiongly Avith 
the antigen, were always used HoAvever, as these laboi atones make a 
specialty of serologic diagnosis, we can assume that then materials were 
used to the best advantage The serum was in all cases obtained before 
therapy was instituted 

The parasitologic diagnoses Avere made by specialized Avorkers in 
this field who had no other piofessional concern 
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Thus our results must be interpreted as relatixe rather than absolute 
evaluations of complement fixation m amebiasis For example, in 66 7 
per cent of our cases of amebic dysenterj theie veie positive sero- 
logic reactions, whereas Sherwood and Heathman “ lepoited positive 
complement fixation m ‘"nearly 100 per cent," Tsuchna® in 83 3 per 
cent and Weiss and Arnold^ in 75 pei cent of their respective cases 
Craig noted 3 instances of amebic dysenter} in \\hich the serologic 
reactions were negative Under the ciicumstances it is perhaps sur- 
pi ising that we obtained as favorable and reasonable correlations as we 
did We consider that ve have subjected the technic to a most iigorous 
and trying test, but one v Inch it must face if it is to be employed diag- 
nostically in clinical practice 

To the clinician the most practical utility of the complement fixa- 
tion test for amebiasis would be in assisting him to determine the 
etiologic factor m the dysenter 3 '^-diaiihea group of diseases, especially 
when no other specific basis for the manifestations can be demonstrated 
When all the cases studied are considered, our data reveal a statistically 
valid relation between the presence of complement-fixing bodies and the 
pi otozoologic evidence of amebiasis, confirming in geneial the spe- 
cificity of the technic developed by Ciaig and others However, from 
a practical diagnostic standpoint the test has the disad\antage of giving 
too many falsely positive as well as falsely negative responses, thus 
tending materially to vitiate its diagnostic import in an individual case 
The leaction has been found to be least reliable in the clinical groups in 
which it might be most useful Thus, when Kiefer submitted 16 
serums to Craig for complement fixation for amebiasis, positive reac- 
tions weie reported foi 12 (75 per cent), though E histolytica was not 
found Craig mentioned obtaining positive leactions in 11 cases of 
chronic ulcerative colitis in which amebas weie not found, though he 
expressed the opinion that inadequate studies of the stools were made 
m these cases Tsuchija® leported that m 4 (44 4 per cent) of 9 
cases of nonamebic ulcerative colitis a positive leaction was obtained 
Our own data (table 2) indicate that m about 30 per cent of the 
cases of ulcerative colitis and in a similar propoition of the cases of 
chronic diaiihea in which E histolytica was not demonstrated a posi- 
tne reaction vas obtained Thus in a considerable numbei of cases of 
acute and subacute inflammator}^ processes of the large bowel in ^\hIcll 
E histolytica iias not demonstrated theie was a positive reaction 
with amebic antigen The explanation previously given foi this dis- 
ci epancv was that the stools of these patients weie not studied over 
a sufficiently long period to disclose the parasite oi that a secondary 
infection was supei imposed on an original amebic lesion Both Kiefer 
and Craig have supported this opinion by citing instances of apparent 
specific responses to amebicidal therapy m cases m which complement 
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fixation tests showed a positive leaction Infoimation concerning these 
responses is vague and inconclusive, but it is evident that the responses 
are not uniform and that in many instances they are incomplete They 
are hardly compaiable to the dramatic abrupt lecoveries usually man- 
fested Avhen specific antiamebic diugs aie administered in cases of 
amebic colitis It is questionable whethei the obseived late of recoveiy 
exceeded that m cases of ulcerative colitis in which amebicidal tieat- 
ment is not given but in which rest and special dietary and adjunctive 
symptomatic measuies aie employed Chronic ulcerative colitis is a 
disease chai actei ized by spontaneous inteimissions or remissions and 
recurrences Aftei amebicidal therapjq which included the use of emetine 
hydrochloride, arsenicals and oxyquinoline derivatives, we have observed 
both amelioration and unimprovement in cases of ulcerative colitis in 
which positne and negative leactions to complement fixation tests weie 
obtained 

Despite these observations, complement fixation in the diagnosis of 
amebiasis holds much promise, as evidenced by the observed concurrence 
of demonstiated amebiasis and positive fixation Howevei, impiove- 
ments in antigen and in technic — both of which are likely to come — aie 
essential befoie satisfactory use of the test can be made clinically At 
present, for accuiate diagnosis the clinician must still rely on multiple 
examinations of dejecta by competent obseivers Indeed, Craig has 
stated that when adequate examinations of stools aie made the test is 
unnecessary The lepoit of positive complement fixation can only direct 
the attention of the physician to the probability of amebiasis 

SUMMARY AND CONCLUSIONS 

Seiums fiom 150 persons studied clinically and paiasitologically weie 
submitted for complement fixation tests to one or more of thiee dif- 
ferent laboi atones in wdnch one oi more of thiee diffeient types of 
specific antigens weie employed 

When the patients weie assembled into loughly homogeneous clinical 
groups, the incidence of positive results of complement fixation was 
regularly higher foi those in wdiom E histolytica was found micio- 
scopically than for those in ivhom the organism \vas not found For 
the ISO patients considered as a whole the difterence was statistically sig- 
nificant For the 136 patients with symptoms it w^as even moie highly 
significant, but in none of the clinical subdivisions was it statistically 
valid Thus, oui lesults confiim in general the specificity of the technic 
developed by Craig and otheis Howevei, fiom a practical diagnostic 
standpoint the too numeious falsely positive as well as falsely negative 
lesponses obtained undei the conditions of our observation show that 
the test IS unreliable in the individual case 
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This reaction is not lielpful in the cases in which it might be most 
useful to the clinician, in that the least significant coincidences occur in 
the cases of so-called indeterminate diarrhea and dysenter} In cases 
of chronic ulcerative colitis and chronic oi intermittent diarrhea man} 
positue reactions are obtained that are unassociated vith demonstrable 
amebiasis 

While the general mass of serologic leports fiom different labora- 
tories and with difteient antigens showed a fair degree of agreement, 
conspicuous disagreement occurred in some instances 

Of the various antigens and seiologic s} stems emplo}ed, the most 
successful results, based on parasitologic diagnoses ^^ere obtained with 
the Arnold antigen in Arnold’s laborator} 

Statistical analysis of the partiall}’- positive leactions indicated the 
desirability of including them as positne reactions ^\hen obtained with 
lelatively weak antigens and of excluding them fiom consideration nhen 
obtained v itli very sensitn e antigens 

We are of the opinion that complement fixation is at present a 
diagnostic aid of adjunctne rather than of pnmary lalue Its more 
successful application in clinical practice awaits further refinement 
It should not be relied on as a diagnostic criteiion unsupported by 
parasitologic evidence of infection Notwithstanding the many defects 
of microscopic fecal diagnosis of amebiasis this method is today more 
dependable than complement fixation 

Note — Since this paper was accepted foi publication, t^^o reports 
have appeared to vhich reference must be made for completeness 
Meleney and Frye hai e pointed out that the test is still in its develop- 
mental stage, that many infections with E histolytica vere associated 
vith positive complement fixation reactions, that a significant number 
of patients harboring “E histolytica in the intestine ga\ e negative com- 
plement fixation reactions ” They concluded that a “positn e comple- 
ment fixation leaction in man is presumptive evidence of the presence 
of ameba in the tissues and that most infected persons gu mg a negative 
reaction (except those in the early stage of the infection) harbor the 
parasite only in the lumen of the intestine without tissue invasion ” 
They dismiss their positive complement fixation reactions in ulcerative 
colitis when E lusto^dica was not found as probably amebic m origin 
because of marked clinical improvement on administration of carbar- 
sone This phase of the question has already been discussed elsew'here 
in this paper 

12 Meleney, Henrj’ E , and Fry e, William W Practical Value and Signifi- 
cance of the Complement Fixation Reaction in Amebiasis, Am T Pub Health 
27 505-510, 1937 
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Weiss and Arnold ha^e lepoited impoitant changes in then modi- 
fication of the complement fixation test for amebiasis resulting in a high 
correlation of positive reactions with the finding of E histolytica and 
in negligibly few false positive lesponses in controls Unfortunately, 
there are no specific data as to the reactions of seiums from those with 
nonamebic intestinal in\olvement to this altered procedure Its use 
after the manner of the several proceduies employed m this study seems 
essential before the latest Weiss-Arnold modification can be adequately 
evaluated in clinical practice 

13 Weiss, Emil, and Arnold, Lloyd A Complement Fixation Test for Ame- 
biasis with an Increased Antibody Content, Am J Digest Dis & Nutrition 4 282- 
287, 1937 
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REPORT OF A CASE DUE TO AN ISLET CELL ADENOMA 
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In insulin hypoglycemia, oi hypeimsulinism, whether spontaneous oi 
induced, the mannei in which the nervous system is affected is of pri- 
maiy interest This has been investigated (1) in "insulin shock” of 
patients suffering from diabetes, (2) in spontaneous hypoglycemia due 
to neoplasm or to hypertrophy oi functional oversecretion of the islands 
of Langerhans and (3) under expeiimental conditions We wish to 
lepoit a case of spontaneous hypoglycemia due to an adenoma of the 
islands of Langerhans On the basis of oui study of this case and a 
survey of the literature, an attempt will be made to con elate the clinical, 
laboiatory and anatomic data on this disoider from the pathogenic 
standpoint 

REPORT OF CASE 

Hjstoiy — A P, a married woman aged 30, was admitted to the Ypsilanti State 
Hospital on March 16, 1936 The family history and the patient’s past historj’^ 
were essentially unimportant She had been in good health until 1930, when she 
began to have "fainting spells ’’ These frequently occurred in the morning, were 
usually follow'ed by a “craving for sweets” and w'ere relieved by food There was 
a gradual change to convulsive attacks, w'hich were initiated by excessive per- 
spiration and flushed facies She consumed large amounts of sweets and gained 
rapidly m weight In the intervals between attacks she w'as normal until November 
1934, w'hen the convulsions became more frequent and a definite mental change 
occurred She became irritable, resistive and impulsive This was followed bj" 
gradual emotional and mental decline In July 1935 and again in February 1936 
the patient was admitted to a private hospital in a semicomatose state She was out 
of touch with her surioundmgs and restless, had convulsions and w'as incontinent 
On her second admission to the hospital the fasting level for blood sugar was 
found to be 60 mg per hundred cubic centimeters, with 37 5 mg of sugar per 
hundred cubic centimeters of spinal fluid No definite diagnosis w'as made, and 
the patient w'as transferred to the Ypsilanti State Hospital 

From the Laboratory ot the Neuropsychiatric Institute, Unnersity of Michi- 
gan, Dr Ravmond W Waggoner, director, and the Ypsilanti State Hospital, 
Dr George F Inch, superintendent 
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Status on Admission to the Hospital — The patient was confused, restless and 
negativistic She uttered peculiar cries but remained otherwise mute There were 
marked generalized rigidit}', drooling, excessive perspiration and incontinence of 
urine and feces Otherwise the neurologic and general physical examinations 
revealed no abnormality 

Laboratoiy Data — The urine contained 1+ albumin and many white blood 
cells but no sugar Examination of the blood disclosed 5,200,000 red cells and 13,150 
white cells per cubic millimeter, with 81 per cent neutrophils, 12 per cent lympho- 
C 3 tes and 7 per cent monocytes, the hemoglobin value was 90 per cent (Sahli) The 

Kahn tests of the blood and spinal fluid gave negative results Simultaneous 

tests of the blood and spinal fluid during fasting revealed 35 mg of sugar per 
hundred cubic centimeters of blood and 17 5 mg of sugar per hundred cubic 

centimeters of spinal fluid Chemical examination of the blood showed cho- 

lesterol, 174 4 mg , calcium, 10 6 mg, and phosphorus, 5 mg, per hundred cubic 
centimeters 

In table 1 (condensed from table 2) are shown the results of sixteen deteimina- 
tions of the initial fasting level of the blood sugar made on different days The 
high incidence of marked h 3 'poglj cemic le\els (ten of sixteen readings) is obvious 


Table 1 — Fasting Lcicls of Blood Siigai 


Sugar, Mg per 100 Cc 

Number of 
Determinations 

Range of Oral Temperature, 
Degrees T 

so-to 

6 

97 8 98 8 

40 50 

4 

98 0 99 0 

50 60 

O 

98 6 99 0 

60-70 

1 

986 

94 

1 

994 

130 

1 

100 0 


The normal and high readings were associated with fever The blood sugar 
level after a twenty-four hour fast 3\as not lower than that after the usual fasting 
period It was noted also that active resistiveness during venipuncture tended 
to raise the fasting level 

The results of the various dextrose tolerance tests are given in table 2 With 
a normal diet, other conditions (dextrose dosage, temperature and nonadministra- 
tion of sedatives) being constant, the type of curve obtained was consistentb 
characterized b 3 ’^ a rise in the blood sugar level, which was maintained through 
the two hour period, and by a dela 3 in fall to hypoglvcemic levels (the “plateau 
t 3 "pe” of curve) In the accompan 3 ing chart (fig 1), two such curves (a and b) 
are illustrated and represent the variations which occur m typical curves e^en 
under standard conditions Also included in this chart is a typically “diabetic 
curve” (c) which was associated with a change m the factor of temperature 
(100 F ), even though the other conditions remained the same With the high 
carbohydrate diet, the maximum rise was not quite so pronounced, but the sub- 
sequent fall was not lower than that shown with the previous normal diet 
Nevertheless, it was noted that the convulsions had their onset during the period 
of high intake of carbohydrate The low carbohydrate diet could not be carried 
out for a sufficiently prolonged period for adequate study 

Two types of hepatic function tests were made 1 In order to test the 
adequacy of the glycogen stores, the patient was given on three occasions injec- 
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tions of epinephrine hj'drochloride , the results are recoided in table 3 These 
demonstrate that there was apparently an adequate amount of glycogen present 
for mobilization It was most strikingly shown during the test made on April 
9 On this date, although an attempt was made to deplete the glycogen store of 
the liver b}'^ twenty-four hours of starvation, the response was in every way 
comparable to the responses to the other tests 2 The bromsulphalein test showed 
a retention of less than IS per cent on two occasions The bilirubin content of 
the blood was 02 mg per hundred cubic centimeters The icterus index was 9 
Comment — An islet cell neoplasm of the pancreas was suspected because of 
the high (“plateau”) type of sugar tolerance curve obtained, the consistently severe 
hypoglycemia and the absence of adrenal, thyroid or pituitary dysfunction How- 
ever, disease of the liver could not definitely be ruled out, in spite of the negative 



Fig 1 — Dextrose tolerance curves 


results of the hepatic function tests An exploratory operation on the pancreas 
did not appear justified, since there was no change in the clinical picture when the 
blood sugar was maintained at an approximately normal level for long periods 
bj' dietar}”- measures Moreover, the patient was obviously a poor “operative 
risk ” 

Clinical Comse — Throughout her stay in the hospital the patient remained 
semistuporous, mute, negativistic, restless and incontinent of urine and feces It 
was noted that at times she blinked her eyes or closed one eye when attempting to 
look at any one, suggesting the presence of diplopia Arthritis deformans, with 
contractures of the fingers, gradually developed On June 12 the patient suddenlv 
became pale, drowsy and restless, her eyes closed and her lips diooped This seizure 
lasted for twenty minutes Two da 3 s later she had an attaek lasting for three 
minutes, which began with a peculiar cry and was followed by spasmodic jerking 
of the trunk and arms, frothing at the mouth, a staring expression, dilatation of 
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the pupils, perspiration and stertorous breathing On June 18 there was another 
attack, with cjanosis, drooling, tonic and clonic spasms of the whole body fol- 
lowed by a staring expression, loud snoring and continuous swallowing movements 
A similar attack occurred the following day The next seizure occurred on 
July 2, but the convulsions changed from a generalized to a jacksonian type 
This was characterized by spasmodic twitchings, which spread along the right 
upper extremity and occasionally involved the right side of the face and right 
lower extremity, the eyes deviating \ar10usl3" to the right and to the left This 
tjpe of seizure persisted without interruption until two weeks before death At 
the same time cystitis developed and the temperature rose to 102 F per rectum, 
remaining elevated until death occurred On July 31 the convulsions suddenly 
ceased, and the patient gradually sank into a deep coma On August 13 the 
temperature rose to 106 5 F , and signs of bronchopneumonia developed Blood 
sugar determinations were m the neighborhood of 200 mg per hundred cubic centi- 
meters just before the patient expired 

Ncdopsy — Ten minutes after death, hepatic tissue was removed and macerated 
in 20 per cent solution of potassium hj droxide for a determination of the glj'cogen 
content The average reading obtained was 0 5 per cent hepatic glycogen. 

Table 3 — Response DiiUng Fasting of Blood Sugai Content to Epmephune* 


Blood Sugar, Mg per 100 Cc 

— n 




1/^ Hour After 

1 Hour After 

Oral 


Initial 

Injection of 

Injection of 

Temperature, 

Date 

Value 

Epinephnne 

Epinephrine 

Degrees P 

3/28/36 

57 

115 3 

1810 

99 

3/29/36 

46 37 

1110 

169 9 

98 98 4 

4/ 9/36 

58 6 42 

92 0 

170 0 

98 6 98 8 

* Injections of 1 cc 
fasting 

of 1 1,000 solution 

of epinephrine hydrochloride irere 

given during 


determined as dextrose-reducing substance 1 Within two and one-half houis the 
complete necropsy was performed The bodj' appeared well developed and fairly 
well nourished There were contractures of both hands The pancreas was of 
normal size and had an essentially normal external appearance However, section 
revealed a solitarv 3 ellowish spherical encapsulated tumor, measuring 11 by 09 
bv 1 cm, and embedded 'within the head of the pancreas near its junction with 
the bodj The liver had a fattj^ nutmeg appearance A tumor the size of a small 
walnut was seen in the th3’-roid gland , multiple small cj'sts surrounded the left 
ovar3'^ There w'ere, m addition, bronchitis, bronchopneumonia and generalized 
passive congestion 

The microscopic examination of the tumor in the pancreas revealed an 
encapsulated adenoma consisting of tissue closelj resembling normal structure 
of the islands of Langerhans (fig 2 A') The epithelial tissue w'as arranged either 
in long con\oluted cell cords or in the form of tubules about capillaries (fig 2 B) 
The cells w'ere cuboid or cjdindric, w'lth large ^ esicular darkl3’^ staining nuclei 
The epithelial cells w'ere in intimate contact wuth the capillaries, and there w'as no 
membrana propria A delicate connective tissue stroma traversed the tumor, 
and a w’ell defined fibrous capsule surrounded it Otherwuse, the pancreas disclosed 
a moderate increase in the number of islands of Langerhans which W'ere, how^- 

1 This test Mas performed bv Dr J W Conn, of the Department of Internal 
Medicine, the Unn ersity of Michigan 
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Fig 2 — zl, encapsulated islet cell adenoma, with moderate hyperplasia of the 
islands of Langerhans in the surrounding pancreas Hematoxylin and eosin stain 
photomicrograph , Zeiss planar, SO mm B, higher magnification of A, showing the 
architecture of the tumor The tissue is composed of a sync}dium of cords and 
tubules of epithelial cells arranged about capillaries Hematox\ hn and eosm s am 
photomicrograph Zeiss objectne 16 mm , projection ocular, no 2 
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ever, not hyperti opined , tlie acinous tissue, the blood vessels and the connective 
tissue stroma is ere normal In the Iner there ivere scattered focal accumulations of 
lipoids m the form of fatt} infiltration and degeneration The latter occurred 
chiefly in congested and atrophic lobules about the central \eins, there was no 
increase in the amount of connectue tissue There was lipoidosis of the cortex 
of the adrenal glands - The tumor in the thyroid gland w as histological^ a colloid 
cystic adenoma In the hjpophjsis there was diffuse eosinophilic hyperplasia, and 
a small basophilic adenoma was seen m the anterior lobe There were, in addition, 
chronic catarrhal endocen icitis, old hvaline corpora fibrosa in the ovaries purulent 
bronchitis and early bronchopneumonia, moderate brown atrophy of the mjo- 
cardium, early phlegmon of the breast and passive congestion of the spleen, Iner, 
kidnejs, lungs and gastro-intestinal tiact 

The brain weighed 1,125 Gm The leptomeninges were thin and model ately 
congested, the basal vessels were delicate The convolutions were well de^ eloped 
In coronal sections the cortex was for the most part well demarcated from the 
white matter and moderately hyperemic, but in the left hemisphere there weie 
scattered areas in which the grav matter was nairow and appeared spong} The 
ventricles were of normal width, and the ependyma was smooth The basal 
ganglions, brain stem, cerebellum and cervical poition of the spinal cord weie 
grossly normal The pineal gland was C 3 'stic 

In the pia-arachnoid there was slight fibroblastic thickening The meningeal 
vessels were moderatel} distended and congested but otherwise normal 

In the cerebral cortex of both hemispheres there was distinct unuersal 
parenchymatous degeneration, more pronounced m the left hemispheie and \aiving 
in intensity in different regions The most striking feature of the degenerative 
process was its laminar character, which was noted throughout the gra\ matter 
Layers 3 and S were most commonly and severely involved In some areas the 
degeneration extended also into laj^ers 2 and 6, wheieas the fourth la}er was usually 
well preserved In the first layer there was considerable gliosis On the uhole, the 
laminar degeneration could be subdivided according to the degree and sequence 
of involvement into the following types (1) paling (Ei bleichung) of laminae 
3 and 5, with neithei appreciable loss of nerve cells nor glial reaction (fig 3A), 
(2) moderate degeneration of laminae 3 and 5, with loss of neurons and beginning 
glial reaction, chiefly microglial, (3) severe degeneration of laminae 3 and 5, 
accompanied with pronounced gliosis and A^arjung involvement of laminae 2 and 6 
(fig 3B), and (4) severe destiuction of all la}'ers except the fourth, associated 
with cortical atioplij and status spongiosus 

Examination of the left hemisphere revealed that the cortex of the tiontal 
lobe u’as moderate!} invoh^ed (type 1), severe laminar degeneration being restricted 
to the gyrus cinguh Starting with the precentral region and extending posteriorly 
throughout the entire hemisphere, the degeneration was severe (types 3 and 4) 
m both the isocortex and the allocortex In the latter the nucleus amvgdalae and the 
uncus were completelv’^ degenerated In the cornu ammonis the involvement was 
selective, the fascia dentata being well presented, but the end-plate and the 
resistant part were completely degenerated (fig 4) Sommer’s sector was i datively 
well preserved, but there was increasing sevent> of the degeneration m the subiculum 
and presubiculum, which merged with that of the temporal lobe In the right 
hemisphere in contrast to the picture on the left side, there w'as umformlv mild 

2 The organs of internal secretion and the reproductiv'e organs were examined 
bv Prof Call Weller, of the Depaitment of Pathology, the Universitv of 
klichigan 



Fig 3 — A, cortex of the right parietal region, showing laminar paling 
(ErbletcJinng) of the parenchyma in layers 3 and 5 Nissl stain, photomicrograph, 
Zeiss planar, 20 mm B, cortex of the left parietal region, showing laminar 
degeneration and gliosis involving lajers 3 and 5 and encroaching on layers 2 
and 6 Nissl stain, photomicrograph, Zeiss planar, 20 mm 
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involvement of t>pe 1 in the entire graj matter, with the exception of the g\rus 
cinguli, where the degeneration was similar to that of the left side 

The changes in the neurons were predominantly those of “Nissl’s acute 
swelling ” The cells and their dendrites were swollen, there was chromatoh sis 
of the tigroid substance and the cytoplasm was homogeneous and pale The 
nuclei were swollen, but their structure remained otherwise intact The neuro- 
fibrils were disintegrated m the center but were preserved at the periphery of the 
cell and m the dendrites The cells contained occasional lipoid droplets In 
severely degenerated areas the neurons were either reduced to shadows or com- 
pletely destroyed “Nissl’s severe change,” incrustation and inflated elements were 
rare The axis-cylinders were reduced in number, frequently fragmented and 



Fig 4 — Cornu ammonis of the left hemisphere Note the selective involvement 
of the resistant part and end-plate and the preservation of Sommer’s sector 
Nissl stain , photomicrograph , Zeiss planar, 20 mm 


swollen "\^^elgert preparations showed dem 3 'e]inization and reduction of the 
tangential and radial fibers of the cortex In less involved regions the microglia was 
greatly proliferated and contained considerable lipoid deposits, whereas m severely 
degenerated areas the astrocytes predominated, forming a dense glial network 
There was also an increase m marginal, subependymal and perivascular gliosis 
There were regressive changes m the oligodendroglia , neuronophagia was common 
m degenerated areas The blood vessels contained a few droplets of fat m the 
adventitia but were otherwise essentially normal There was no iron 

The white matter was essentially normal, with only slight rarefaction m the 
myelin sheaths and moderate increase in the number of glial fibers The choroid 
plexus and the ependvraa were normal 




588 


ARCHIVES OF INTERNAL MEDICINE 


Examination of the basal ganglions showed distinct changes in the caudate 
nucleus and putamen of each side, more pronounced on the left, disclosing diffuse 
degeneration of the small ganglion cells, whereas the large ganglion cells were well 
preserved , there was moderate proliferation of the glia There were no significant 
changes in the pallidum The thalamus was severely involved bilaterall}', especiallj 
in the left pulvinar, in Mhich the neurons were greatly reduced in number and the 
microglia and macroglia were proliferated 

In the corpus Lu 3 Si, h 3 pothalamus, brain stem, cerebellum and cervical portion 
of the spinal cord there was onl 3 ' diffuse snelhng of the neurons 


REVIEW or THE LITERATURE 

A Clinical Ohseivahons — From a clinical standpoint the symptoms 
of h}peiinsulimsm aie vaiiable and hate been so well outlined a 
numbei of authors that they will be only biiefl} lefeiied to here 
According to Wildei,^ the S3^mptoms ma}’’ be classified into ( 1 ) dis- 
01 dels of the vegetative nervous system (peispiiation, salivation and 
changes in heait late), ( 2 ) oiganic neuiologic symptoms (comulsions, 
periods of coma and focal signs) and ( 3 ) psychopathologic manifesta- 
tions (ps3^choneuioses and ps3’^chotic states) Bowen and Beck ^ con- 
cluded that the initial S3miptoms are tegetative phenomena caused by 
“epinephiine dischaige” (Cannon) and followed b}'’ manifestations 
lefeiable to the central neivous S3’^stem 

B Laboi at 01 y Ohsei vat tons — ^The vai lous laboi atorj'^ data on “spon- 
taneous” h3'peiinsuhnism lepoited in the hteratuie wall be considered 
accoiding to foui general etiologic groups ( 1 ) neoplasms of the islands 
of Langerhans, ( 2 ) h3'pei trophy oi h3’’pei plasia of the islands of Langei- 
hans, ( 3 ) h3'^peiinsuhnism amehoiated b3 paitial lesection of the normal 
panel eas and ( 4 ) functional h3''perinsuhnism generalh'' benefited b3 
dietai3'' theiap3'’ Foi the first two gioups the etiology is established, in 
the thud it is highty suggestive but m the last gioup it is pioblematic 
In accoi dance 3 vith this classification, table 4 (page 595 ) includes a 
giouping of the dextiose tolerance cunes in ninet3'’-nine cases revolted 
111 the hteiature, as well as the t3'pe of i espouse to epinephiine when 
lecoided ® 

The dextrose toleiance cuii^es lepoited aie heie arbitiarily sub- 
divided into two distinct types (a) the high, sometimes “plateau” oi 
even “diabetic” t3'^pe of curve, wdiich is chaiacteiized b3'- an initial rise, 

3 Wilder, J Zur Neurologic und Ps 3 "chiatne der b 3 'pogl 3 'kamischen 
Zustande, Med Kim 26 616 (April 25) 1930 

4 Bowen, B D , and Beck, G Insulin H 3 ’’pogtycemia, Ann Int kled 6 
1412 (May) 1933 

5 This review was restricted to articles in English The cases of Iwpo- 
glycemia reported by P J Cammidge (Hypogb cemia, Lancet 2 1277 [Dec 20] 
1924, Chronic H 3 "poglycemia, Brit M J 1 818 [Alay 3] 1930) are not included, 
because that author said he did rot regard them as due to hvpennsulmism 
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usual!} abiupt, and is invaiiably maintained abo^e the aveiage noiinal 
fasting le\el foi blood sugai tliiougli the two houi peiiod befoie the 
eventual return to hypoglycemia sets in (dela}ed h}pogl}cemic 
1 espouse) , and (&) the lo^^, sometimes flat t}pe of ciuve. ^^hlch occa- 
sionally shows a definite use within the fiist houi but is al\\a}s r\ell 
below the average noimal fasting level foi blood sugai b} the second 
houi, when it is often definitely hypoghcemic (acceleiated hypogl}ccmic 
1 espouse) The two unclassified tests included in table 4 aie not 
chaiacteiistic of eithei a oi b, in that they show a dela3ed use occuiiing 
between one and one-half and two houis, which is often consideied as 
signifying a delay in the absorption of the dextiose Such vaiiable fac- 
tors as pievious diet, tempeiatuie dosage of dextiose and medication 
ivhich altei the dextiose toleiance test, aie fiequently not mentioned in 
the liteiature Theiefore, one must assume in such a classification that 
the patient with hypeiinsuhnism had at least an adequate amount of 
caibohydiate in his diet, that he did not have fevei oi did not need seda- 
tive medication and that a standardized dose of dextiose was gnen foi 
the test The vaiious lesults of the dextiose toleiance test wall be dis- 
cussed furthei piesently 

In geneial, the lepoited aveiage fasting level foi blood sugai is low 
paiticulaily foi the gioups of patients with neoplasm and hypeitiophv 
of the islet cells, but occasionally it is lelatively noimal 

The 1 espouse to epinephiine is consideied to be adequate when 
within an houi after the injection theie is a use of the blood sugai level 
fioin hypoglycemic to noimal oi highei levels, usually with the lehef 
of symptoms Occasionally, in the absence of deteiminations of the 
blood sugai level, the i espouse is thought adequate if the symptoms 
aie quickly and adequately reliev’-ed 

Othei hepatic function tests m these cases, such as the injection of 
biomsulphalem or phenoltetrachloiphthalein, the van den Beigh leaction 
and the determination of the biliiubm content of the blood gav'e noimal 
lesults when lepoited® except in two cases (Ryneaison and Judd, 

6 (a) Wilder, R M , Allen, F N , Power, M H , and Robertson, H E 
Carcinoma of the Islands of the Pancreas, Hyperinsuhnism and Hv'poglycemia, 
T A IM A 89 348 (July 30) 1927 (b) Howland, G , Campbell, w’r , ^faltbv, 

E J , and Robinson, W L Dysinsulinism Convulsions and Coma Due to Islet- 
Cell Tumor of the Pancreas with Operation and Cure, ibid 93 674 (Aug 31) 
1929 (c) Carr, A D , Parker, R , Grove, E , Fisher, H O, and Larnmore, 

I W Hyperinsuhnism from Beta Cell Adenoma of the Pancreas , Operation and 
Cure ibid 96 1363 (April 25) 1931 (d) Womack, N A , Gnagi, W B , and 

Graham, E A Adenoma of the Islands of Langerhans with Hypoglycemia 
Successful Operative Removal, ibid 97 831 (Sept 19) 1931 (e) Bast, T H , 

Schmidt, E R, and Severmghaus, E L Pancreatic Tumor with Hvpoglvcemia 
Status Epilepticus, Acta chir Scandmav 71 82, 1932 (f) Derick, 'c L , 

(Fooinoic conUnucd on next page) 
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Faust and Dixon in which hepatitis was piesent at biopsy Adequate 
amounts of gtycogen in the liver weie reported by Wilder and his asso- 
ciates,®" McClenahan and Norris,^ and Cragg, Power and Lindem ®' 
Terbruggen ® and Rienhoff and Lewis,®’' on the othei hand, observed 
no glycogen in the liver on histologic examination 

Newton, F C , Schutz, R Z , Bowie, M H , and Pokorny, N A Spontaneous 
Hypennsulinism, New England J Med 208 293 (Feb 9) 1933 (<;) Graham, 

E A , and Womack, N A The Application of Surgery to the Hypoglycemic 
State Due to Islet Tumors of the Pancreas and to Other Conditions, Surg, Gynec 
& Obst 56 728 (April) 1933 (/t) Wolf, A , Hare, C C, and Riggs, H W 

Neurological Manifestations in Two Patients with Spontaneous Hypoglycemia 
with Necropsy Report of Case of Pancreatic Island Adenoma, Bull Neurol Inst 
New York 3 232 (June) 1933 (t) Ziskind, E Hypennsulinism Report of 

Case of Spontaneous Hypoglycemia with Studies m Dextrose Tolerance, Arch Int 
Med 52 76 (July) 1933, personal communication to the authors (;) Ross, L I, 
and Tomasch, J M Hypermsulinemia, Secondary to an Adenoma of the Pan- 
creas Report of a Case with Operative Cure, Arch Surg 28 223 (Feb ) 1934 
(k) Rienhoff, W F, Jr, and Lewis, Dean Surgical Affections of the Pancreas 
Met with in the Johns Hopkins Hospital from 1889 to 1932, Including a Report of 
a Case of an Adenoma of the Islands of Langerhans, and a Case of Pancreato- 
Lithiasis, Bull Johns Hopkins Hosp 54 386 (June) 1934 (/) Judd, E S , 

Faust, L S , and Dixon, R K Carcinoma of the Islands of Langerhans with 
Metastasis to the Liver Producing Hypennsulinism, West J Surg 42 555 (Oct) 
1934 (in) Whipple, A O , and Frantz, V K Adenoma of Islet-Cells with 
Hypennsulinism, Ann Surg 101 1299 (June) 1935 (;i) Feiner, L , Soltz, S E, 
and Haun, P The Syndrome of Adenoma of the Pancreas, Bull Neurol Inst 
New York 4 310 (Oct ) 1935 (o) Liu, S H , Loucks, H H , Chou, S K, and 

Chen, K C Adenoma of Pancreatic Islet Cells with Hypoljcemia and Hyper- 
insulinism Report of a Case with Studies on Blood Sugar and Metabolism 
Before and After Operative Removal of Tumor, J Clin Investigation 15 249 
(May) 1936 (p) Kepler, E J, and Walters, W Chronic Hypogh'cemia Caused 
by Hypennsulinism Cure Effected by Removal of Adenoma of Pancreas, Proc 
Staff Meet, Mayo Clin 11 454 (July 15) 1936 (q) Rynearson, E H Adenoma 

of the Islands of Langerhans Two Cases, ibid 11 451 (July 15) 1936 (i ) Long, 
C F , Sheplin, L , and Fishbach, D B Spontaneous Hj^pennsulinism Due to 
Pancreatic Adenoma in a Patient with Carcinoma of the Sigmoid A Catastrophic 
Conjunction, Am J Digest Dis & Nutrition 3 488 (Sept ) 1936 (s) Aitken 

L F Diagnosis and Treatment of Hypennsulinism, M Clin North America 
20 393 (Sept) 1936 (f) McCaughan, J M, and Broun, G O The Value of 

Partial Pancreatectomy m Convulsive States Associated with Hypoglycemia, Ann 
Surg 105 354 (March) 1937 (ic) Lukens, F W, and Ravdin, I S Adenoma 
of the Islet Cells of the Pancreas with Operation and Recovery, Am J M Sc 
194 92 (July) 1937 (v) Cragg, R W , Power, AI H , and Lindem, Af C 

Carcinoma of the Islands of Langerhans with Hypoglycemia and Hypennsulinism, 
Arch Int Med 60 88 (July) 1937 

7 McClenahan, W U , and Norris, D W Adenoma of the Islands of 
Langerhans with Associated Hypoglycemia, Am J M Sc 177 93 (Jan ) 1929 

8 Terbruggen, A Anatomische Befunde bei spontaner Hypoglykamie infolge 
multipler Pankreasinseladenome, Beitr z path Anat u z allg Path 88 37 
(Nov 19) 1931 
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C Pathologic Obscivations — In cases of spontaneous hypoglycemia 
due to neoplasm or to hypeiplasia oi hypertrophy of the islands of Lan- 
gerhans little pathologic change was observed in othei organs of the 
body In most instances the liver was essentially noimal Changes m 
the central neivous system have been leported in only a few cases of 
proved islet cell neoplasm These consisted of ceiebial edema and con- 
gestion (Thalheimer and Murphy,®), perivascular lound cell infiltration 
m the meninges and biain (McClenahan and Noiris’’), atrophy of the 
cortex and fatty degeneiation of the ganglion cells (Terbruggen ®), 
moderate diffuse loss of ganglion cells fiom the coitex (Wolf and his 
associates®^) and scattered hemoiihages (Baker and Lufkin^®) 

Foi several patients who died in “insulin shock,” cerebral changes 
have been leported Maci oscopically, WohlwilP^ described a dry 
f liable brain, othei authors (Bowen and Beck,^ BodechteP® and de 
Moisiei and Mozer ^®) noted cerebial edema The histologic changes 
varied from model ate to severe diffuse degeneration of the ganglion cells 
in the coitex and basal ganglions BodechteP® emphasized the focal 
occurience of the changes and the prevalence of Spielmeyei’s “homo- 
geneous cell disease” in his case Othei s (Wohlwill “ and Terplan ^■‘) 
described "Nissl’s severe change” m the neuions and swelling phe- 
nomena of the gha and axis-cylmdeis 

Experimentally, a number of mvestigatois weie able to pioduce 
definite pathologico-anatoinic changes by induced hypeimsulmism 
Schei eschewsky and his co-workers noted necrosis in the adienal 
glands, lipoidosis of the liver and kidneys, geneiahzed edema, conges- 
tion and hemorihages, and degeneration of the neurons m the sym- 
pathetic and cential neivous systems The authors placed paiticulai 
emphasis on the changes in the sympathetic system Accoiding to Stief 

9 Thalheimer, W , and Murphy, F D Carcinoma of Islands of Pancreas 
Hypennsulinism and Hypogb^cemia, J A M A 91 89 (July 14) 1928 

10 Baker, A B , and Lufkin, N H Cerebral Lesions in Hypoglycemia, Arch 
Path 23 190 (Feb ) 1937 

11 Wohlwill, F Ueber Hirnbefunde bei Insulm-Ueberdosierung, Klin 
Wchnschr 7 344 (Feb 19) 1928 

12 Bodechtel, G Der hypoglykamische Schock und seine Wirkung auf das 
Zentralnervensystem zugleich em Beitrag zu seiner Pathogenese, Deutsches Arch 
f klin Med 175 188, 1933 

13 de Morsier, G , and Mozer, J J Lesions cerebrales mortelles par hypo- 
gljcemie au cours d’une traitement msuhnique chez un morphinomane, Ann de 
ined 39 474 (May) 1936 

14 Terplan, K Changes in the Brain in a Case of Fatal Insulin Shock, Arch 
Path 14 131 (July) 1932 

15 Schereschewsky, N A , Mogilmtzkv, B N, and Gorjaewa, A W Zur 
Pathologic und pathologischen Anatomic der Insulini ergiftung, Endokrinologie 
5 204, 1929 
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and Toka)^/® both diffuse and focal types of paienchyinatous degeneia- 
tion can be pioduced in the coitex and basal ganglions, the seventy and 
the acuteness of the changes being dnectly propoitional to the dosage of 
insulin and the duiation of its administiation Similai pathologic obser- 
vations weie lepoited by Grayzel,^" who said he believed that the sevent} 
of the changes depended on the frequency and intensity of the convul- 
sions 

D Pathogenesis — Regal ding the mechanism of injury to the cential 
neivons system, opinions dilfei as to whethei the hj^poglycemia, the 
insulin per se oi other distuibances of metabolism aie the lesponsible 
factois On the basis of expeiimental data, two thcoiies have been 
postulated (1) anoxemia and (2) distuibed \vatei balance 

1 Theoiy of Anoxemia Olmsted and Logan, in an eaily lepoit, 
obseived that the arterial hlood in insulin hypoglj'^cemia ivas venous in 
chaiactei, and they compaied the effects of hyperinsuhnism to those of 
asph 3 '’xia The}' assumed that “anoxemia of the biain through a 
depiessant effect of the hypoglycemia” was lesponsible for the con- 
vulsions Dameshek, Myerson and Stephenson arrived at similai 
conclusions aftei obtaining by the “internal jugulai method” during 
a seveie insulin leaction a maiked diminution in the noimal aiterio- 
venoLis diffeience in the content of oxygen, signifying a i eduction in the 
uptake of oxj'gen by the biain Hoivevei, in a later study, Olmsted and 
Tayloi found that aftei the administration of insulin theie is onh 
a slight fall in the oxygen satin ation of the aiterial blood piecedmg the 
convulsion They concluded that the convulsions cannot be attiibuted to 
the “mild anoxemia” but that both phenomena aie dnectly caused bv 
the insulin 

2 Theoiy of Distuibed Watei Balance Diabkin and Raidin"^ 
lepoited that in pieviousl} delndiated animals, insulin in doses suffi- 

16 Stief, A , and Tokay, L Beitrage zur Histopathologie der experimen- 
tellen Insulmvergiftung, Ztschr f d ges Neurol u Psvchiat 139 434, 1932 
Weitere expenmentelle Untersuchungen uber die cerebrale Wirkung des Insulins 
ibid 153 561, 1935 

17 Grayzel, D M Changes in the Central Nervous System Resulting from 
Convulsions Due to Hyperinsuhnism, Arch Int Med 54 694 (Oct ) 1934 

18 Olmsted, J M D , and Logan, H D Effect of Insulin on the Central 
Nervous System and Its Relation to the Pituitar}'- Bod}, Am J Physiol 66 437 
(Oct) 1923 

19 Dameshek, W , Myerson, A , and Stephenson, C Insulin Hvpogl} cemia, 
Arch Neurol & Psychiat 33 1 (Jan ) 1935 

20 Olmsted, J M D , and Taylor, A C Effect of Insulin on the Blood 
Changes in Oxygen Saturation, Percentage Hemoglobin and Oxygen Capacih, 
Am J Physiol 69 142 (June) 1924 

21 Drabkm, D L , and Ravdin, I S The Mechanism of Convulsions in 
Insulin Hypoglvcemia, Am T Physiol 118 174 (Jan ) 1937 
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cicnt to cause h}poglycemia failed to pioduce convulsions oi to influence 
the piessuic of the cei ebrospinal fluid On the contrau, in pieMOusl} 
hydiated animals a use in the piessure of the cerebi ospinal fluid and in 
the incidence ot comulsions legularlj^ occuiied The authors concluded 
that insulin convulsions occur onty when the sequence of hypogh cemia 
anhydiemia and a use m the piessuie of the ceiebi ospinal fluid takes 
place and said they consideied the anh3^dremia as the most impoitant 
factoi in the mechanism of the comulsions 

Comment These theoiies hare been applied to explain the ana- 
tomic changes m the neirous s3stem Thus, Bonen and Beck* intei- 
pieted then findings of cerebral edema as an effect of anh3dremia in the 
sense accepted by Diabkin Other authois have attributed the changes 
to the hypoglycemia either diiectly through diminished nutrition 
(Terbiuggen,® and Wolf, Haie and Riggs and the anoxemia efitect on 
the hi am tissue oi mdirectl3'' b3’^ causing vasospasm in the sense accepted 
b3 Spielme3^ei (Bodechtel,*- Stief and Tokay,*' Gia3zel*' and de Moi- 
siei and Mozei Thus, Bodechtel *- compared the histologic pictuie 
nith changes pioduced b3' ligating the caiotid arteiies and with othei 
“cuculatoiy distuibances ” He attiibuted the focal lesions, the type 
of neuional alteration (“homogeneous cell disease”) and the occasional 
capillary hemoiihages to spasm or stasis of the blood vessels Accoid- 
ing to Stief and Tokay,*® pathologic changes m the brain can be pioduced 
expernnentalh only by subcutaneous and cisternal but not b3 intra- 
cerebral injections of insulin This the authois said the3f regarded as 
proof for the rasculai action of the hy’poglycemia, as opposed to a direct 
initant effect of the insulin Schereschewsky and his associates*® sug- 
gested that the mechanism is partl3^ vasomotoi through changes in the 
sjmpathetic system and partlj'^ a diiect toxic action of insulin on the 
central nervous system Wohlnill ** attributed the cerebral changes to 
alkalosis 

GENERAL COMMENT 

Oul case lepiesents a typical example of hj’-peiinsulmism due to 
islet cell adenoma The clinical course of convulsive attacks, focal 
neurologic signs and at3^pical pS3'chotic manifestations demonstrates the 
rariability m the symptomatolog3" in such cases Ceitam clinical fea- 
tures that have not been sufficiently emphasized in the literature are 
significant It has been generally regarded that the episodic couise of 
the symptoms is characteristic of the disorder In oui case, howerei, 
this initial phase uas gradually replaced by permanent organic dementia 
Again, the relief of symptoms with the elevation of the blood sugar to 
normal or higher levels, so characteristic of this condition, nas not found 
in our case It seems reasonable to believe that in the initial phases of 
the disease the pathologic effects are of a reversible order and can be 
relieved 153 dietai3 or surgical therap3 With the progress of the dis- 
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order, however, permanent impairment o£ cerebral functioning that is no 
longer amenable to theiapy may take place This is corioboiated m oui 
case b}'’ the pathologico-anatomic changes 

The extremely Aariable lesults of the repoited laboiatory tests,-- as 
reviewed, make their interpretation difficult In attempting to explain 
the paradoxical dextiose toleiance curves, Weil---' stated the opinion 
that the curve vanes with the type of lesion in the pancreas Thus, he 
concluded that the high, almost diabetic curve is chaiacteiistic of carci- 
noma of the islet cells, that the moderatety high and prolonged curve is 
suggestive of adenoma and that the low, flat cuive is typical of “func- 
tional” hyperinsuhnism when theie are no demonstrable structural 
changes Feinei and his associates said they legarded the plateau 
type of curve as chaiactenstic of islet cell adenoma However, fuithei 
analysis rei eals that such a relation is not consistent Table 4 shows that 

22 (a) Hams, S Hyperinsuhnism and Dysinsulinism, J A M A 83 729 
(Sept 26) 1924, H3 pennsulinism and Dj'sinsulinism (Insulogenic Hypogh^cemia) 
Avith Chronological Review of Cases Reiiorted in the United States and Canada, 
Endocrinology 16 29 (Jan -Feb) 1932, Hyperinsuhnism, a Definite Disease 
Entity Etiology, Pathology, Symptoms, Diagnosis, Prognosis, and Treatment of 
Spontaneous Insulogenic Hypoglycemia (Hyperinsuhnism), JAMA 101 1958 
(Dec 16) 1933, Epilepsy and Narcolepsy Associated with Hj'perinsuhnism, ibid 
100 321 (Feb 4) 1933, Clinical Types of Hyperinsuhnism Case Reports, Am 
J Digest Dis & Nutrition 1 562 (Oct) 1934 (b) Nielsen, J M, and Eggleston, 

E L Functional Dysinsulinism with Epileptiform Seizures, Treatment, J A 
M A 94 860 (March 22) 1930 (c) Winans, H M Chronic Hypoglycemia, 

South M J 23 402 (Alay) 1930 (d) Waters, W C, Jr Spontaneous Hypo- 

glycemia The Role of Diet in Etiology and Treatment, ibid 24 249 (March) 
1931 (c) Marsh, H E Hyperinsuhnism, with Report of a Case, Wisconsin 

M J 30 340 (May) 1931 (/) Gammon, G D, and Tener\, W C Hvpo- 

ghcemia Clinical Syndrome, Etiology and Treatment Report of a Case Due to 
Hyperinsuhnism, Arch Int Med 47 829 (June) 1931 ((/) Moore, H , O’Farrell, 

W R , Malley, L K , and Monarity, M A Acute Spontaneous Hy'poglvcemia, 
Brit M J 2 837 (Nov 7) 1931 (h) Shepardson, H C Glycopenia The 

Efficacy of High Fat Diets in the Treatment of Oironic Hy^poglycemia, Endo- 
crinology 16 182 (March-April) 1932 (i) McGovern, B E Epileptoid Attacks 

and Hyperinsuhnism Report of a Case, ibid 16 293 (May^-June) 1932 (;) 

Weil, C K Functional Hyperinsuhnism Epileptiform Convulsions, Accom- 
panying Spontaneous Hypoglycemia, Internal Clin 4 33 (Dec ) 1932 (k) 

Sippe, C, and Bostock, J Hypoglycemia A Survey and an Account of Twenty - 
Five Cases, M J Australia 1 207 (Feb 18) 1933 (7) Graham and Womack 

(ill) Tedstrom, M K Hypoglycemia and Hyperinsuhnism, Ann Int Med 7 
1013 (Feb) 1934 (ii) Clark, B B, and Greene, J A Effect of Low Carbo- 
hydrate Diet on the Glucose Tolerance m Spontaneous Hypoglycemia, Proc Soc 
Exper Biol & Med 32 1459 (June) 1935 (0) Pow^ell, E The Story Behind 

Two Blood Sugar Curves (Hypoglycemia as a Cause of Mental Symptoms), Tn- 
State M J 8 1612 (March) 1936 (p) McCullagh, E P Treatment of Chronic 

Hypoglycemia, M Clin Nortll America 19 2005 (May) 1936 (q) MacBryde, 

C M Borderline Endociine Disturbances, ibid 20 337 (Sept) 1936 
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there were five instances of the low type of curve in cases of pioved 
islet cell neoplasm, two instances of the high type of cuive in cases in 
which a normal pancreas was seen at operation and six instances of the 
high curve in cases of functional hypennsulmism 

We believe that the type of dextrose tolerance cun^e fuimshes an 
index of the degree of the severity of the disorder, legardless of the 

Table 4 — Sitinmaiv of Data on Devttose Tolctance Cwves Repotted m Liteiatnic 


Dextrose Epinephrine 

Tolerance Curves, Response, 

Number of Oases Number of Cases 

» A 



Etiologic Factor 

High 

Low 

Unclassified 

Adequate Inadequate 

1 

Neoplasms of islet cells 

21 

5 

1 

12 S 

2 

Hypertrophy or hyperplasia of Islet 
cells t 


3 

1 


f> 

Resection of normal pancreas i 

2 

7 


n 

J 

4 

Functional hypennsulinism 5 

C 

"O 


7 1 


* Footnote C 

+ Simon, H E Surgcrj in the Treatment of Hjpennsuhnism, South Surgeon "-Sll 
(Sept ) 1934 McCaughan and Broun 

1 EInney, J M T , and Finney, J M T , Jr Resection of the Pancreas, Tr Am S A 
40 268, 1928, Ann Surg S8*5S4 (Sept) 19^ Harris, S Epilepsy and Narcolepsy Associated 
with Hyperinsullni«m, JAMA 100 321 (Feb 4) 1933 The Diagnosis of Surgical Hyper 
insulmism. South Surgeon 3 199 (Sept ) 1934, Clinical Types of Hypennsulinism Case Reports, 
Am J Digest Dis & Nutrition 1 : 562 (Oct ) 1934 Holman, E , and Railsback, O O Partial 
Pancreatectomy in Chronic Spontaneous Hypoglycemia, Surg , Gynec & Obst DC 591 (March) 
1933 Graham, E A , nnd Hartmann, A P Subtotal Resection of the Pancreas for Hvpo 
glycemla ibid 59*474 (Sept) 1934 McCaughan and Broun Womack, N A, and Cole, 
W H The Thyroid Gland in Hypoglvcemia, Ann Surg 30> 370 (March) 1937 

S Footnote 22 v. 


Table S — Relatton of Dettiose Toletance Cnwe to Seventy of Dtsoidei 


EtioIogic Factor 

Sj mptom' 

^eoplasm 

Severe 

Mild 

Hypertrophy and hyperplasia 

Mild 

Resection of normal pancreas 

Severe 

Mild 

Functional hypennsulinism 

Severe 

Mild 

Total 

Severe 

Mild 


Number 

Dextrose Tolerance Curve 

Oases 

High 

Low 

Unclassified 

23 

21 

1 

1 

4 

4 

2 

7 

7 

52 

2 

G 

4 

O 

0 

7 

1 

52 

1 

32 

29 

2 

1 

67 


60 

1 


type of lesion m the panel eas In table 5 an attempt has been made to 
illustrate such a i elation Heie the same dextrose tolerance tests 
lecorded in table 4 are tabulated in relation to the type of symptom 
found in each instance, the symptoms being arbitiaiity classified as 
severe or mild The severe type of disorder is characterized by fre- 
quently recurring convulsions, prolonged periods of coma and other 
severe neuropsychiatric symptoms or requires dextrose therapy approxi- 
mately every two hours to pi event attacks In such cases the dextrose 
tolerance curve is predominantly of the high type In the milder form 
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the symptoms consist of fleeting peiiods of unconsciousness oi abnormal 
behavioi The relief obtained fiom dextiose is of longei duiation 
Convulsions aie not piomment, but occasionally hypogtycemia may pie- 
cipitate a latent convulsn^e disoidei In these cases in which the s}mp- 
toms aie mild the dextiose toleiance cuive is consistently of the low oi 
flat type 

The factors undei lying these cuives aie complex and still obscuie 
It IS known that the high t3pe of dextiose toleiance curve is also chai- 
acteiistic of hypoglycemia lesultmg fiom hepatic disease or fiom expeii- 
mental extiipation of the hvei Fuither, it is obtained also vith 
staivation oi with a diet low m caiboltydiate, vhen it is attributed inoie 
clearly to a depletion of the hepatic glycogen These facts suggest that 
the high and diabetic types of dextiose toleiance curves m cases of se^ele 
h} permsuhmsm point to a complicating hepatic factoi ^^hlch vould at 
least partially explain the otheiwise unexpected high cuive This is to 
be understood m the sense of ph3'siologic distuibance lathei than as 
actual stiuctuial change in the hvei The lattei is usualty lacking, as 
m oui case Hepatic function tests and the i espouse to epinephrine in 
h3'pennsulinism A’^aiy consideiabl3' and fiequentl3’^ fail to indicate involve- 
ment of the liver or the adequacy of gtycogen stoiage In oui case foi 
example, in which the i espouse to epinephrine was adequate and hepatic 
function tests gave noimal lesults, the gl3 cogen content was markedly 
diminished, even though this ma3' have been paitly caused by the tei- 
minal inci eased metabolism associated \Mth the fevei befoie death An 
evaluation of these findings is as yet impossible, m view of the paucity 
of reports of hepatic gtycogen determinations m the literature In the 
few lepoits available, the gHcogen content Avas said to be either adequate 
01 greatl3'^ diminished The question still remains A\hethei in severe 
hypei insulmism the liver is depleted of glycogen or Avhethei the glycogen 
IS so firmly fixed in the hvei b3'^ the excess insulin that a normal response 
to ingestion of dextiose is not obtained On the other hand, in cases of 
milder hypermsuhnism, in Avhich the cuiA'^e is low oi flat, one can pictuie 
an insulm-liver mechanism Avhich is oA'erAvorking in much the same 
manner as it does m response to the stimulus of increased intake of 
caiboh3’^diate (SAAceney and HimsAAmith -*) The flat t3pe of cuiA'e is 
also obtained at times m cases of hypo-adi enalism, h3pothyioidism and 
h3'popituitaiism m aaIucIi there is a normal insulm-secieting mechanism 
but a diminished concenti ation of insulin antagonists One can consider 
that in these cases there is mild lelative hypei msulmism associated ivith 
the fundamental disease 

23 Sweeney, J S Dietary Factors That Influence the Dextrose Tolerance 
Test A Preliminary Study, Arch Int Med 40 818 (Dec ) 1927 

24 HimsAVorth, H P Dietetic Factor Determining Glucose Tolerance and 
Sensitivit}'' to Insulin of Healthy Men, Clin Sc 2 67 (Sept ) 1935 
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Thus, it IS suggested that the i espouse to ingestion of dextrose in the 
cases of mild ln^ohement is that of a uell cooidinated o^elactl^e 
mechanism, uhile in the se^ele forms, m ^\hlch theie is a high t}pe of 
cui\e, the msuhn-lnei mechanism is functioning incooidmateh Oui 
case, m uhich there ^^ere a consistentl}’^ high t}pe of dextrose toleiance 
cul^e and maiked depletion of the hepatic gl} cogen, sel^es to illustiatc 
the latter and is clearl}' con elated uith the severe clinical and patho- 
logico-anatomic conditions 

The anatomic basis toi the clinical manifestations m oui ease is 
endent in the advanced destiuction of the coitex, thalamus and stiiatum 
The greater involvement of the left cerebial hemispheie appaiently 
accounts foi the coiiti alatei al jacksonian attacks This is a unique 
example of se\eie pathologic effects on the brain m a case of hypei- 
insuhnism The outstanding featuie of the anatomic changes is then 
purely parenchymatous degenerative chaiactei All the chaiacteiistics 
of a piimaiy toxic degeneratne process are obvious from the diiect and 
diffuse effect on the parench3''ma, beginning vith “acute swelling” of 
the neuions and paling of the tissue and progressing to ultimate degen- 
eration, to vhich the gha reacts secondai il}'’ The condition is analogous 
to piimary degenerative diseases of the central nervous system and to 
encephalopathies due to exogenous toxins (foi instance, moiphme oi 
nitious oxide) It suggests a direct toxic effect of some substance 
elaboiated m h} permsulmism One may speculate heie about the pos- 
sibility that the excess insulin m the blood may act as such a toxic 
substance 

In Mew of the complexit} of insulin metabolism, such an assumption 
is supported mainly by indiiect evidence For, as pieMousty mentioned, 
the phenomena of hypoglycemia, anoxemia, anhydremia, alkalosis and 
othei metabolic disturbances accompanying h}peimsuhnism have been 
held responsible for the cerebral changes It remains to be seen whethei 
any of these are the essential factors in this disorder and aie capable of 
producing such pathologic effects on the brain 

The primary role attiibuted to the hypoglycemia has been questioned 
m view of the lack of parallelism between the level of the blood sugai 
and the clinical manifestations It is also known that drugs which 
have no appreciable effect on the blood sugar level can be used thera- 
peutically as antidotes m insulin shock (Popper and Tahoda-^) The 
cerebral changes which haie been attributed to the hypoglycemia, on 
the assumption of either its vasospasmodic action or its anoxemic 
effect, cannot be confirmed here While both diffuse and focal changes 
have been obser\ed m animal expeiimentation and in cases of fatal 

25 Popper, L, and Jahoda, S Coffeinw irkung bei h\ poghkamischen 
Zustanden Klin Wclmschr 9 1585 (Aug 23) 1930 
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insulin shock, undue en'-phasis has been placed on the focal changes 
and the entire condition attiibuted to vascular spasm, in the sense 
accepted by Spielmeyer It seems to us that these changes aie ineiely 
local accentuations of the diffuse process In oui case the characteiistics 
of such vasomotor disturbances as discontinuous focal areas of necrosis 
and ischemic changes in the nerve cells are entirely lacking In the 
coinu ammonis the resistant part is degeneiated, not Sommer’s sector, 
as would be expected in vascular conditions Moieo\ei, the widespread 
laminar distribution of the degeneiation cannot be attiibuted to A'^asculai 
factois (Braunmuhl Also, changes m the electiocaidiogiam, pulse 
rate and blood piessure in this disoidei are said to confirm a vasculai 
etiology Howevei, it is still disputed whethei these caidiovasculai 
effects aie pioduced by the hypoglycemia oi by insulin toxicitv 
(Hadorn 

For similar moiphologic reasons, compai isons with ceiebial anoxemia 
are untenable As outlined b)'^ Gildea and Cobb,-® the pathologic pictuie 
of acute cerebral anoxemia following ligation of the caiotid arteries 
consists predominantly of necrobiotic foci and chaiacteiistic changes in 
the ganglion cells (shi unken cells, cells with spikelike piocesses) In 
chronic anoxemia the white mattei because of its lowei consumption 
of oxygen, is more involved than the giay mattei (Putnam -®), wheieas 
in this disorder the white substance is spared Undoubtedly, impaired 
oxidation of the brain accompanies the hypoglycemia, but this does not 
explain the clinical manifestations (Olmsted and Tavloi "®) noi the 
histopathologic changes 

It seems unlikely that hydiation of the cential neivous system (in 
the sense of Diabkin) can produce such a clinicopathologic pictuie 
For, although the expeiiments of Diabkin and Ravdm demonstiate 
a 1 elation between convulsions and anhj^diemia induced by insulin, other 
clinical manifestations lemain unexplained Pathologico-anatomically, 
one would expect that ceiebral edema would be moie fiequent in hypei- 
insuhnism than is actually the case Moi cover it is doubtful whether 
edema can produce such degeneiation of nerve tissue 

26 Braunmuhl, A V Picksche Krankheit, in Bumke, O Handbuch der 
Geisteskrankenheiten, Berlin, Julius Springer, 1930, vol 11, pt 7 

27 Hadorn, W Das Herz in Insulinschock, Schveiz med Wchnschr 39 
936 (Sept) 1936 

28 Gildea, E F , and Cobb, S The Eftects of Anemia on the Cerebral Cortex 
of the Cat, Arch Neurol & Psychiat 23 876 (May) 1930 

29 Putnam, T J The Cerebral Circulation Some New Points in Its 
Anatomy, Physiology and Pathology, J Neurol & Psvchopath 17 193 (Tan ) 
1937 
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SUMMARY 

A case of chronic h3poglycemia due to an islet cell adenoma of the 
pancreas is reported with clinical laboiatory and pathologico-anatomic 
data 

The clinical course of con-vulsions, ps\chotic manifestations and 
organic dementia is correlated Yith the adAancing destruction of the 
cerebral cortex and basal ganglions 

The diffuse degeneration of the brain is mterpieted as a direct 
toxic effect of insulin on the parench}ma 

It is suggested that the dextrose tolerance test in cases of Inpei- 
insuhnism is an index of the se\erit3- of the pathologico-ph3 siologic 
process This is to be understood as a change in the msuhn-lnei 
mechanism regulating dextrose metabolism 



CLINICAL STUDIES IN CIRCULATORY 
ADJUSTMENTS 

IV OBLITERATING PULMONARY ARTERITIS WITH SECONDARY PUL- 
MONARY CHANGES AND RIGHT VENTRICULAR HYPERTROPHY, 
REPORT or A CASE WITH AUTOPSY 

M A ROTHSCHILD, MDt 

ARD 

A A GOLDBLOOM, AID 

AEW A^ORK 

Thiombo-angntis obliteians, oi Bueigei s disease, is a well recognized 
clinical entity In tbe majoiity of cases tbe condition is localized in one 
gioup of aiteiies,^ but in some cases it may even invade neighboring 
veins, in tbe foim of phlebitis migrans Obliterating aitentis on the 
othei hand, is confined to the smallest aiterioles, without involvement 
of the venous S3^stem Hence, these two conditions must be considered 
apait pathologically and clinically 

Despite the fact that obliteiating aiteiitis is a lare disease, the lecent 
clinical significance attiibuted to it a\ an ants lepoiting a case in which 
we have had the opportunity of following the disease from onset to 
termination 

REPORT or CASE 

D P , a man aged 33, experienced sudden pain in the chest, with d 3 'spnea, six 
months before admission to the hospital He consulted his family physician, but 
the only objective findings were tachj'pnea and tachjcardia He continued to work, 
with periodic confinement to bed, until he had lost 20 pounds (9 Kg) and had 
become so w'ealc that he w'as no longer able to continue in his occupation 

On Jan 8, 1934, he w'as seen bj^ his family ph}fsician in consultation with 
Dr I W Held, and he said that although he experienced pain m the chest on 
exertion, this was not as troublesome as the shortness of breath The chief 
findings were tachypnea, tachycardia, moderate cj'anosis of the lips and fingers 

t Dr Rothschild died on Feb 16, 1936 

Aided through the Henry Dazian Fund 

From the Department of Aledicine and the Department of Pathologj, the 
Beth Israel Hospital 

1 (a) Birnbaum, Walter, Prinzmetal, Alyron, and Connoi Charles L 
Geneialized Thrombo-Angiitis Obliterans Report of a Case with Involvement 
of the Retinal Vessels and Suprarenal Infarction, Arch Int Aled 53 410 (A'larch) 
1934 (b) Horton, Bayard T, Alagath, Thomas B, and Browm, George E 

Arteritis of the Temporal Vessels, ibid 53 400 (Alarch) 1934 
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without clubbing and a rapid pulse The e\es \\ere staring, but the blood pressure 
was not increased There was no orthopnea Examination of the chest re\calcd 
a few sibilant rales at the bases of the lungs, with diminished breathing o\er 
the base of the left lung On auscultation a split first sound and an accentuation 
of the pulmonic second sound w'ere noted Fluoroscopic examination show'cd the 
apex of the heart in the midclavicular line The pulmonary artery w'as not dilated 
0\er the base of the left lung there w'as a dense area suggestne of pneumonitis, 
and the left interlobar pleura was thickened, with restriction of diaphragmatic 
movement on the left In the second oblique position there w'as densitj in the 
midportion of the retrosternal space suggestne of thickening of the mediastinal 
pleura 

The diagnosis seemed to he between coronary thrombosis (sine dolore), wnth 
an infarct in the left ventricle, and a mediastinal mass (Flodgkin’s disease) piess- 
mg on the vagus ner\e Of the two conditions, it seemed more likel}’’ that the 
former was the cause of the patient’s sj’mptoms, particularly m new of the 
thickened pleura and the strong suggestion of a secondary pulmonar}' infaict 
The absence of glandular enlargement did not favor a diagnosis of Hodgkin’s 
disease of the thorax 

On Januar 3 ’^ 11 the patient entered the hospital on the service of one of us 
(Dr Rothschild) The symptoms and ph 3 sical findings w'Cie unchanged except 
that the heart sounds gaie an impression of a gallop rhythm However, a phono- 
cardiogram show'ed onl 3 ' a split first sound and no true gallop ihythm 

Laboiatoiy Data — The blood count showed 16,900 leukocytes, with 81 per 
cent segmented cells The red blood cell count and the hemoglobin ^alues wcie 
normal The sedimentation rate w’as 27 and 45 per cent, respectively, on tw’o 
occasions Chemical ana^sis of the blood showed 35 mg of lactic acid per 
hundred cubic centimeters (increased) The calcium and phosphorus ^alues were 
normal 

The basal metabolic rate w'as 37 and 27 per cent, respectiv eb , on two occasions 

A cardiod 3 namic stud 3 re^ealed the follow’ing venous pressure, 4 cc , 
circulator 3 ’ time (saccharine method), thirteen seconds, plasma volume, 2,813 cc , 
total blood volume, 5,228 cc , oxygen consumption, 300 cc , arteno^enous ox 3 ’gen 
difference (calculated from the dissociation cur\cs of the blood), 50 cc , cardiac 
output, 6 liters (calculated value, 4 82 liters), = and vital capacity, 2,300 cc 

The oxygen dissociation curve was normal, w’lth marked diminution of the 
saturation of blood starting at about 8 volumes per cent and dioppmg to 3 
volumes per cent (fig 1) The arterial oxygen saturation w’as 50 per cent of 
normal (figs 2 and 3) 

The electrocardiographic study showed a regular rhythm of 100 beats per 
minute, a normal P R interval, a diphasic Ti w’ave, a diphasic Ta wave and an 
abnormal lead IV, in that there was an upright T 4 w’a\e (anteroposterior method) 
These findings suggested myocardial damage (fig 4 ) 

Roentgenographic study of the chest by Dr I Seth Hirsch repealed diffuse 
interstitial changes imohing both lungs and not associated with the marked 
congestion The pleura of the middle and lower lobes of the right lung was 

2 The increased cardiac output (6 liters) is of no significance because of 
the marked taclnpnea and the difficult 3 with w’hich the aheolar samples were 
collected The true lalue of the cardiac output calculated from the blood lolume 
showed no increase (Goldbloom, A Allen, and Roht, Paul IC Cardiac Output 
Values from Calculated Blood Volume unpublished data) 
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Fig 4 — Electrocardiographic tracings 


604 


ARCHIVES OF INTERNAL MEDICINE 


markedh thickened, and there was a small amount of effusion m the pleural caiitj 
The left ventricle was enlarged The mediastinum was normal The most striking 
features were the diffuse congestion and the interstitial changes in the lower lobe 
of the right lung 

Roentgenograms of the phalanges showed no peiiosteitis or thickening of the 
soft tissues 

Bronchoscopic examination by Dr J Miller revealed no abnormalitv 
Diagnosis — Although there was electrocardiographic evidence of m3 0cardial 
damage (fig 4), the cardiodjmamic studies (normal blood volume and circulatori 
time) tended to rule out a coronary condition as the direct cause of the m\o- 
cardial damage Hodgkin’s disease w'as finally ruled out bj’’ the normal loentgeno- 
graphic and bronchoscopic findings Thj rotoxicosis, likewise, W'as eliminated 
as a possibility by the fact that the blood volume, circulator}' time and cardiac 
output were not increased, as thev usuallv are in this condition “ 

On the basis of the clinical picture, namelv, cvanosis, tachvcardia, tachv'pnea 
and no orthopnea (closelv resembling the svmptoms in the case reported bi 
Frothingham •!) and also because of the diminished oxvgen saturation, indicating 
some obstruction in the arterial svstem, the condition was diagnosed (b\ Dr 
Rothschild) as due to an infection, with primarv involvement of the pulmonarv 
arterioles 

Piogicss — The tach3pnea and C3anosis continued The temperature rose to 
101 F, the pulse rate was 120 and the respirator} rate was 44 Evidence ot 
failure of the right side of the heart increased 0\3gen and digitalis treatment 
were of no avail Two days before death occurred pulnionar} edema developed 
with acute failure of the left ventricle The patient died on Februar} 4, three 
weeks after admission to the hospital 

Gfoss Postmoi tern Examination^ — The postmortem diagnosis was obliterating 
arteritis of the small pulmonary arteries, parth thrombo-artcntis , dense pleural 
adhesions, and hypertrophy of the right ventricle 

The pericardium was normal The pulmonar} arteries were fiee The right 
side of the heart was distinctly h} pertrophied The coronar} arteiies were noimal 
In the middle of the upper lobe of the left lung there was a firm, round 
iriegularlv outlined mass directl}' beneath the pleura The latter was thickened and 
hyperemic The interlobar space was obliterated Another firm indefinite!} circum- 
scribed area was situated near the lower edge No distinct circumscribed lesions 
were seen in the pulmonary artery Incision of the lungs revealed a number of 

3 Goldbloom, A Allen Diagnostic Importance of Blood V olume and Cardiac 
Output Studies in a Borderline Case of Thyrotoxicosis, M Clin North America 
17 279, 1933 Goldbloom, A Allen, Libin, I, and Roht, Paul K Clinical Studies 
in Circulatory Adjustments I Clinical Evaluation of Studies of Circulating 
Blood Volume, Arch Int Med 55 484 (March) 1935 Goldbloom, A A, and 
Bauer, Herman E II A^enous Pressure, a Simple Bedside Alethod, in Collected 
Papers of the New York Homeopathic Medical College and Flower Hospital, 1935, 
vol 5, pp 45-52 Goldbloom, A Allen and Roht P K HI Clinical Evaluation 
of Cardiac Output Studies, Internat Clin 3 206, 1936 

4 Frothingham, Channing A Case of Extensive Bilateral Progressiv'e 
Thrombosis of the Smaller Branches of the Pulmonarv Arteries, Am J Path 5 11, 
1929 

5 A detailed pathologic studv is to be reported elsewhere bv Dr Alfred 
Plant, pathologist for the Beth Israel Hospital 
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grayish -white, round and oblong spots adhering to some c\hndnc structures cor- 
responding to the obliterated vessels Further incision revealed additional dark 
red thrombi 

j\ha oscopic Postmoi tcm Erammaiion — The graj foci obser\ed grossh pro^ed 
to be completely obliterated blood ^essels In most cases the lumen was entireh 
filled w ith rather cellular fibrous tissue, with larger or smaller spaces of recanali7a- 



Fig 5 — [Microscopic section showing a completely fibrosed arterj of the lung, 
with obliteration of the lumen. Van Gieson stain 


tion True inflammator} lesions were present in only a few places, represented b} 
rather uncharacteristic granulation tissue, in which, howeier, giant cells were 
conspicuous The thrombosed ^essels obseried grosslj appeared to be intact 
Some arteries showed an obiioush mflaminatorj oiergrowth of intima In these 
\ essels the intimal cells had large nuclei Other arteries, again, had a small, regular 
intimal oiergrowth without am eiidence of inflammation In a large number of 
obliterated arteries no remnants of thrombotic material were obseried The 
nnocardium contained granulation tissue and scars (fig 5) 

/ 

i 
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COMMENT 

Eppinger and Wagnei ® reported eight cases of primary arteriolar 
disease, with invasion of the small pulmonaiy vessels, pioducing cii- 
culatory failuie Caieful analysis, howevei, reveals that in only tno 
cases was there true obhteiatmg aitentis In the others theie was 
primary vascular disease, with chaiacteristics of either thrombo-angiitis 
01 obhteiative scleiotic aiteriolar disease 

Cases similar to the one heiem described have been leported recentlv 
by Frothingham,^ MacCallum,'' and Waimg and Black® The patient 
leported on by Fiothingham was seen by one of us (Dr Rothschild) 
Pathologic examination showed that all the pulmonary aiteriolai 
branches were completely occluded by thrombi, the smallest branches 
showing pi unary acute lesions and a condition simulating thiombo- 
angntis obliterans 

There is growing interest in the consideration of piimarj aiterial 
disease, particularly notable being a senes of articles lecently published 
by Brenner ® 

Circulatory failure of an extiacardiac nature, due to pulmonan 
emphysema, kyphoscoliosis, Ayerza’s disease oi hypertension, or sec- 
ondaiy to scleiosis of the larger arteries, is of frequent occurrence 
Likewise, sclerosis of the pulmonary aiterioles, with scleiosis of the 
pulmonary artery with or without general arteiiosclerosis, is not uncom- 
mon as a cause of cnculatoiy failure of extracardiac origin Mam 
years ago von Neusser called attention to the fact that in these cases 
there is marked dyspnea even on slight exertion, producing symptomatic 
polycythemia or cyanosis, giving cause foi suspicion of sclerosis not onh 
of the pulmonaiy artery but of the arteiioles and capillaries as well 
leading to fibrosis of the pulmonary ah'^eoh and producing status volumen 
pulmonum auctum, with eventual failuie of the light side of the heait 
More lecentl)’’, Moschcowitz and Miller have shown that sclerosis 
of the pulmonary artery, with or without involvement of the smallei 

6 Eppinger, Hans, and Wagner, R Zur Pathologic der Lunge, Wien Arch 
f inn Med 1 83, 1920 

7 MacCallum, W G Obliterative Pulmonary Arteriosclerosis, Bull Johns 
Hopkins Hosp 49 37, 1931 

8 Waring, James J, and Black, W C Syndrome of Obstruction in 
Lesser Circulation, Am J M Sc 187 652, 1934 

9 Brenner, O Pathology of the Vessels of the Pulmonarj' Circulation, 
Arch Int Med 56 211 (Aug ) , 457 (Sept ) , 724 (Oct ) , 976 '(No\ ) , 1189 
(Dec) 1935 

10 Moschcowitz, Ell The Cause of Arteriosclerosis, Am J M Sc 178 224 
(Aug) 1929 

11 Miller, H R Sclerosis of Pulmonary Artery and Its Branches, M Clin 
North America 9 673 (Nov ) 1925 
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vessels, is not uncommon The symptom complex winch goes under the 
name cor pulmonale and which is due to the cause mentioned has long 
been recognized However, obliterating arteritis of the small pulmonar\ 
vessels leading to caidiac failure (coi pulmonale) deserves emphasis 
because of its rant} 

In the few cases of localized obliterating aiteritis repoited m the 
literature the pulmonaiy lesion showed extensive fibiosis of the alveolai 
septums, many being almost avascular, with a peculiar peribionchial and 
perivascular increase in connective tissue In addition, there ^^ele thiom- 
bosis and complete obliteration of the smaller ai teries and in some cases 
infaiction of the lungs 

As yet, the etiologic factoi in obhteiating arteritis of the pulmonai} 
arterioles is undetei mined It is well known that infaiction can cause 
arteritis or periarteritis nodosa and that the rheumatic virus has a 
maiked affinity for the pulmonary vessels But in the case leported 
heiem there was no evidence of either a generalized oi a rheumatic 
infection (the latter was luled out by the absence of Aschoff bodies) 

Judging from the onset of symptoms in the cases that have been 
reported and m our case, there is a possibility that allerg}^ may play a 
role This concept is based on the following supposition Since it is 
known that all allergic manifestations, from the severest anaphylactic 
shock followed by death to chronic allergy, are characterized by spasm 
of the small arterioles and capillaries, it is possible that the first attack 
described by the patient, in which he suffered shortness of breath while 
walking and distress in the chest, may have been the initial manifestation 
of an allergic condition As this continued, secondary changes in the 
lungs took place, followed eventually by dilatation of the right side of 
the heart, failure of the left ventricle, edema of the lungs and death 

From the clinical standpoint obhteiating arteritis of the pulmonai \ 
arterioles might well be divided into three stages 

1 The immediate anaphylactic stage is of shoit duration and is chai- 
acterized by an abundance of symptomatic complaints and a minimum 
of objective findings Discomfort in the chest and tachypnea are noted 
but no dyspnea and only moderate tachycardia 

2 The allergic stage is characterized by spasm of the pulmonai} 
aiteiioles, accompanied Mith marked subjective symptoms, as the vas- 
cular changes lead to secondar} changes in the lungs, moderate dyspnea 
slight cyanosis and marked tachycaidia are also present There is evi- 
dence of localized fibiosis, pneumonitis and pleuritis The involved lung 
shows diminished aeration and restricted mobility of the affected side 
and of the corresponding diaphragmatic excursion There is likewise 
eiidence of obstiuction of the lesser circulation, m that there aie an 
accentuated pulmonic second sound and a split first sound The light 
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ventricle becomes enlaiged, and there is electiocaidiogiaphic evidence 
of myocaidial damage The most valuable diagnostic aid is the finding 
of diminished oxygen saturation of the aiterial blood 

3 The teiminal stage is characteiized by failuie of the light ven- 
tiicle, giving use to lelative tricuspid insufficiency, enlaigement of the 
In^ei and eventual failure of the left ventiicle, with edema of the lungs 

CONCLUSION 

Theie ma}'^ be localized obhteiating pulmonaiy aiteiitis without 
invoh ement of the othei vessels, constituting a distinct clinical entity 

A case is lepoited m which this condition was diagnosed antemortem 
and confirmed at autopsy 

Obhteiating aiteritis is difteientiated fiom thi ombo-angntis oblitei- 
ans in that the foimei is confined to the smallest aiteiioles vithout 
affecting the venous system 

The theoiy is advanced that the initial cause of the disease in oui 
case was of an alleigic natuie The condition began with anaph)dactic 
shock, causing piimaiy tachypnea with no dyspnea and lesulting in intei- 
feience with the pulmonai}'- ciiculation As the cause was not removed, 
theie ensued secondai)'’ changes in the aiterioles leading to obliterating 
aiteiitis, with consequent pathologic changes in the lungs The right 
side of the heait became dilated as a lesult of enlaigement of the right 
ventiicle, piodticing anoxemia and abnoimal electrocardiographic find- 
ings Finally the left ventiicle, which could not receive a sufficient 
amount of blood, dilated, and theie followed ventiiciilai failuie and 
pulmonaiy edema 

The clinical couise of ciiculatoiy failuie in oui case beais a sti iking 
lesemblance to the ciiculatoiy failuie secondai y to bionchial asthma 
with permanent changes in the lungs, pioducmg caidiac failure from 
overtaxation of the light side of the heait 

The finding of diminished oxygen satuiation of the aiteiial blood 
IS of diagnostic significance Also indicative of pulmonar}'- arteiial 
obstruction, paiticulaily in young persons, are cyanosis, tachypnea, with 
no oithopnea, and tachycaidia 

This condition may be divided into thiee stages the immediate 
anaph}dactic, the alleigic and the teiminal stage, with ciiculatoiy failuie 

Dr I W Held was of aid m an advisory capacity, Dr Alfred Plant reported 
on the pathologic specimens and Dr Ella Fishberg carried out the detailed work on 
the association ciiives 
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The tiansfusion of incompatible blood into man is accompanied with 
01 immediately follotved by chills fe\ei, nausea and Aomitmg, acute 
pains m the muscles, dA'spnea and a feeling of constiiction m the chest 
Signs of hemoLsis m vivo may occui wnthm a few houis Ihese 
include heinoglobinemia, hemoglobinuiia and jaundice If a lelatueh 
small amount of blood is hemolyzed, hemoglobinuiia and jaundice inaj, 
not be eMdent Diabkm ^ has showm that only about 10 pei cent of the 
hemoglobin that disappeais from the blood stieain of the dog appeals m 
the 111 me The patient may ^eco^ ei wnth nothing more sei lous than the 
loss of the tiansfused eiythiocytes and consequent hemoglobinuiia foi 
se^eial days In some cases, howevei, the sequelae aie more gia\e The 
urinaiy excietion is iminediatel) diminished, oi ceases entirelj and 
the products of nitrogen metabolism inciease lapidh m the blood 
Vomiting continues, and generalized edema sometimes appears Coma 
gradually supenenes, sometimes with couMilsions and the patient dies 
with the usual signs of uieinia Hypertension is usualh absent The 
pictuie may be complicated by subseroiis and subcutaneous hemoi- 
ihages Death usually occui s fiom foui to twHAe dajs aftei the tians- 
fusion At any tune aftei the tiansfusion spontaneous diuresis maj 
OCCUI and leco^el} inaj take place This piobabh happens in onli a 
ininont} of the cases 

Lrom the Department of Internal Aledicine and the Department of Patholog}, 
the State UnuersiU of Iowa College of Aledicine 

1 Drabkin, D L , Whderman, A H and Landow, H Fate of Hemoglobin 
Injected into the Blood Stream J Biol Chem 109 xxmi-x\mii (AIa\) 1935 
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A similar syndrome has been noted in blackwatei fevei and in hemo- 
globinuria due to quinine “ 

In 1931 Bordley ® leviewed the liteiature and discussed four theories 
which might explain the lenal lesions resulting from leactions to blood 
transfusion 1 The theoiy of mechanical blockage of the renal tubules 
was fiist proposed by Yorke and Nauss ^ and latei amplified and defined 
by Baker and Dodds ® In its piesent form, as elaborated by the experi- 
ments of the latter authors, it attempts to account for the renal insuffi- 
ciency by the pi ecipitation of hemoglobin in the renal tubules when that 
pigment makes contact with urine which is acid in reaction The 
hemoglobin is excieted in solution when the urine is alkaline The 
operation of this mechanism was conclusively demonstrated by Baker 
and Dodds in rabbits 2 The theoiy of anaph}daxis was derived from 
some obsei vations made by Longcope and Rackemann ® that in patients 
with uiticaiia, renal insufficiency developed coincidently DeGowin, 
Osteihagen and Andeisch,’’ lioweA'er, have produced the syndiome in 
dogs with a single transfusion of canine hemoglobin 3 The theoiy 
that renal damage is in some way a result of the hypochloremia due to 
vomiting vas advanced on the basis of the clinical studies on high 
intestinal obstruction by Blown, Eusterman, Haitman and Rowntree® 
Some of their patients died of lenal insufficiency and proved to have 
necrosis of the tubular epithelium Chemical studies of the blood of 
patients with transfusion anuria have shown that the plasma chlorides 
aie depleted only after renal insufficiency has developed 4 The 
explanation that a nephiotoxic substance is released from the hemolysis 
of blood seems to coincide with the acute nephiotic type of lesion seen 
in some of the human cases No experimental pi oof has been advanced 
foi this theory To these foui theoiies the independent investigations 

2 Terplan, K L, and Ja^ert, C T Fatal Hemoglobinuria with Uremia 
from Quinine in Early Pregnane}', JAMA 106 529-532 (Feb 15) 1936 

3 Bordley, J, III Reactions Following Transfusion of Blood with Urinarv 
Suppression and Uremia, Arch Int Med 47 288-315 (Feb ) 1931 

4 Yorke, W , and Nauss, R W The Mechanism of the Production of 
Suppression of Urine in Blackwater Fever, Ann Trop Med 5 287-312, 1911 

5 Baker, S L, and Dodds, E C Obstruction of the Renal Tubules 
During the Excretion of Hemoglobin, Brit J Exper Path 6 247-260 (Oct) 
1925 

6 Longcope, W T , and Rackemann, F At Renal Insufficiency with 
Urticaria, J Urol 1 351-366 (Aug) 1917 

7 DeGowin, E L , Osterhagen, H F , and Andersch, M Renal Insufficiency 
from Blood Transfusion I Relation to Urinary Acidit}', Arch Int Med 59 
432-444 (March) 1937 

8 Brown, G E , Eusterman, G B , Hartman, H R , and Rowntree, L G 
Toxic Nephritis in Pyloric and Duodenal Obstruction Renal Insufficiency Com- 
plicating Gastric Tetany, Arch Int Med 32 425-455 (Sept ) 1923 



DE GOJVIN ET AL— RENAL INSUFFICIENCY 


611 


of Mason and !Mann,° in the United States, and Hesse and Fllato^ 
in Russia, have added another alternative explanation They have show n 
that the intiavenous injection of hemoglobin produces a diminution in 
the volume of the kidnej'- by vasoconsti iction The Russian waiters ha\e 
stated the opinion that the renal insufficiency is on the basis of ischemia 
of the kidneys The experiments of Mason and Mann have showai that 
the r asoconstriction is only a transitor}’- phenomenon, and it is difficult 
to leconcile this theor}’- wath the anatomic lesions seen in human kidneys 
It seems that histologic studies of the kidneys of patients dying of 
tiansfusion anuiia should definitely confirm or dispiove the theory of 
pigment obstruction of the lenal tubules In reading the hteratuie, 
however, one finds no consensus regarding the cause of the lenal insuf- 
ficiency Practically all winters describe some necrosis of the lenal 
epithelium and the presence of some hemoglobin pigment, but the extent 
of these changes vanes considerably in different cases Whereas one 
patient show^s extensive epithelial damage and little pigment, anothei 
may show little necrosis and much piecipitated hemoglobin Because of 
the seal city of cases, no one writei has had the oppoitumty to study 
more than twm oi three Still fewei obseivers have been able to compare 
human tissues wath those of experimental animals As a result, some 
wiiteis suppoit the theory of mechanical obstruction, and otheis with an 
equal amount of expeiience hut wuth dissimilai cases are pioponents 
of a nephrotoxic reaction 

MATERIAL AND METHOD 

We have had the opportunity of making an examination of the tissues of 
fi\e patients from our own autopsy service and those of tw'o patients from the 
autopsy service of Dr E T Bell, professor of patholoy at the University of 
Minnesota Single specimens w'ere lent to us by Dr M F Hassett, of St Paul, 
Dr M L Weinstein, of Chicago, and Dr A At Moodj, of San Francisco In 
addition, the renal sections of a woman d 3 'ing of hemoglobinuria due to quinine 
were lent to us bj Dr K L Terplan, of Buffalo The latter case was reported 
bv Drs Terplan and Javert - Our owm experiments on dogs have provided an 
abundance of pathologic material for comparison The details of these experiments 
haie already been published" Dogs were fed wuth beef and ammonium chloride 
so that the urine w^as acid in reaction Thev w’cre then given transfusions of 
solution of canine hemoglobin This resulted in death in uremia in four to 
ten davs This sjndrome did not occur in dogs which were given transfusions 
wdien the uiinari reaction was alkaline 


9 Alason, J B , and Alann, F C Effect of Hemoglobin on Volume ot the 
Kidnej, Am J Plnsiol 98 181-185 (Sept) 1931 

10 Hesse E, and Filatoi, A Experimentelle Untersuchungen uber das 
Wesen des hamoljtischen Sliocks bei der Bluttransfusion und die therapeutische 
Beemflussung desselben, I Die Nierenfunktionsstorungen im akuten Experiment, 
Ztschr f d ges exper Aled 86 211-230 1933 Iljin, W Experimentelle 
Beobachtungen der Nierentatigkeit nach Emfuhrung \on heterogenem und 
autohamolysicrtem Blut, Arch f khn Chir 181 240-249, 1934 



\i)n 1 — Suniiitcnv of Ana^omtc Data foi Doc/<: Dviiui of Caiiia Olhci J han Uicinia 




DE COWIN LT AL —RENAL INSL mClENCY 


613 


morbid anatomy or dogs with hemoglobixlri \ 

Otn pathologic studies included the postmortem examination of the 
tissues of twent}-foiu dogs which had lecened from one to fourteen 
liansfusions of hemohzed ei\'throc}tes fiom other dogs The inter\al 
between transfusions was ncAcr less than one week The aieiage dose 
was 10 cc of packed eijthrocjftes per kilogiam of bodj^ weight The 
blood was defibnnated, and the coipuscles weie separated from the 
seium b} centi'ifugation and weie hemohzed by the addition of distilled 
water in the propoition of 3 volumes of cells to 4 volumes of w^atei 
Dogs w'eie selected which appealed healthy and whose urine was con- 
sistently free from albumin These precautions proved to be adequate so 
that little evidence of chronic nephritis w^as obsened at autopsy and no 
lesions weie encountered which confused the anatomic pictuie m Aihich 
we were interested 

At each tiansfusion the dose of solution of hemoglobin was sufficient 
to pioduce gloss hemoglobinuria for two oi thiee dai^s Chemical tests 
for hemoglobin in the mine ga^e positive lesults for appi oximately two 
moie days Casts of pigment never appealed m the mine except when 
there was retention of nitiogen in the blood 

Deposition of Hemoglobin Pigment in the Tissues (figs 1 and 2) — 
With each tiansfusion theie was a deposition of hemosideiin in the tis- 
sues This occmied in all dogs whethei oi not death had occuned fioin 
lenal insufficiency The amount of hemosideiin was roughly piopoi- 
tional to the number of tiansfusions lecened With relatively few 
liansfusions, gianules of pigment could be seen in the renal epithelium 
and m the Kupftei cells of the livei The gianules weie small, and in 
sections stained with hematoxylin and eosin they appeared golden yellow 
The} ga^e the irbn leaction with potassium feriocj^anide stains In the 
kidnc} the cells of the pioximal convoluted tubules contained laige 
amounts of similar pigment Occasionally some pigment could be seen in 
the cells of othei portions of the renal tubules, e\en in the collecting 
tubules When largei amounts of hemoglobin had been injected, hemo- 
sideiin was accumulated in the stroma neai the capsule and along ladial 
lines projecting into the cortex 

In the Inei the hemosideiin rvas piesent in the Ivupfifei cells When 
lepeated injections of hemoglobin had been given dense pigment ma'i'^es 
weie also aggregated in discrete foci of laige mononuclear cells scattered 
thioughout the hepatic substance 

The reticulo-endothehal cells of the spleen and h mph nodes also ern- 
taincd deposits of hemosiderin 

Anatomic Pictwc in Dogs imth Alkaline Uiine (figs 1, 2 and 7 and 
table 1) Dogs 3 and 4 were killed aftei fouiteen and nine transfusions 
lespectneh The ti<5sues weie entueh normal except for the deposits of 
hemosiderin pieMoush described Dog 12 receued a similar alkaline 




Fig 1 — Deposition of hemosiderin A, renal convoluted tubules, showing the 
epithelial cells containing granules of hemosiderin (photographed as black dots) 
Photomicrograph of tissue from dog 4 which was killed after receiving nine 
transfusions of hemoglobin when the urine was alkaline B, an island in the 
renal stroma composed of masses of hemosiderin granules and large mononuclear 
cells (dog 4) 
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diet liiit at times lefused to eat and on those occasions the urine hecaine 
acid ^^'hen a transfusion ^\as given %%hile the mine ^\as alkaline no 
letention of nitrogen de\ eloped , if it ^\as gnen when the unne was acid 
^all 0 us degrees of arotemia were induced The animal was killed when 
ieco\ Cling from one episode of uiemia, and the kidne\s showed tlie 
t}pical nephiopathic picture to be desciibed m association with dogs 
with* acid urine Dog 13 was killed madveitently with solution of 



Fig 2 — Deposition of hemosiderin Section of Iner, showing se^eral isolated 
cells of Ivupffer containing granules of hemosiderin and a large island of 
hemosiderin granules and mononuclear cells in the parenclnma (dog 4) 


hemoglobin which was giossly contaminated with bacteiia and which 
pio\ed highly toxic foi all foui dogs to which it was giren The Inei 
and kidneys howe^er, except for some hemosideiosis were entire!} 
noi nial 

Anaiouitc Pictuic in Dogs loiih Acid Uiuie (figs 3 to 10 and table 
2) — Six dogs with acid urine died from causes other than uremia Two 
died of “speed shock” (dogs 7 and 19), two died of bronchopneumonia 



Table 2 — Summaty of Anatomic Data fot Dogs Dying of Uieniia 
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Fig 3 — Tubular obstruction A, unfixed and unstained section of kidne 3 % 
photographed one hour post mortem, showing tubular lumens outlined by brown 
pigment casts Several loops of Henle are shown Section from the kidney of 
dog 21, which died of uremia four da 3 S after a single transfusion recened uhen 
the urine was acid B, a single pigment cast teased from the preparation pictured 
in A The cast was brown and opaque and uhen \ieued through the microscope 
seemed composed of small masses of pigment molded together 
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Fig 4 — Tubular obstruction A, tubular lumens filled with brown crystals 
of pigment This is m the medullary region of the same preparation depicted 
in figure ZA B, two brown crystals teased from the preparation pictured in A 
The form of the cristals resembles that of canine hemoglobin 
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(dogs 9 and 14) and t\\o died because the solution of hemoglobin 
contaminated (dogs 15 and 16) In none of these ^\ere theie significant 
lesions of the kidneys oi livei except for the hemosiderosis common to 
all dogs leceiving solution of hemoglobin In dogs 15 and 16 there n eie 
howevei, a few pigment casts, indicating an eaily stage of obstiiiction 
This group served as controls to show that the diet of beef and 
ammonium chloride pioduced no lenal damage 



Fig 5 — Tubular obstruction Pigment casts were formed in the region of 
the corticomedullarj’’ junction and followed the cortical rays toward the periphery 
Peripherally from this zone of casts, the lumens were dilated Low magnification 
of a fixed and stained sagittal section from the kidney of dog 2, which died in 
uremia nine dajs after receiving a transfusion when the urine vas acid 

Seven dogs (dogs 1, 2, 5, 11, 21, 23 and 24) died m uiemia and two 
(dogs 12 and 20) were killed when recovering fiom episodes of azote- 
mia The livers of dogs 2 and 11 contained some necrosis about the 
central veins of the lobules In all othei dogs of both groups the liters 
were essentially normal except for the hemosiderosis previously 
described 
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The kidneys of the dogs d3nng of lenal insufficiency showed sti iking 
pictuies They weie slightly increased in size The capsules weie not 
adherent Fresh sections revealed a dark reddish blown zone marking 
the coiticomedullary junction, with radial projections of the same 
color extending into the coitex A'Vhen thin slices of fresh kidney 
were examined with a dissecting microscope by transmitted light, 
Henle s loops, the recuning limbs and the collecting tubules were seen to 



Fig 6 — Tubular obstruction This illustration depicts a normal glomerulus 
and moderate dilatation of the lumens of the convoluted tubules (dog 2) 


be filled with a dark brown substance In some areas biown ciystals 
could clearly be seen in the lumens of the tubules The crystals belonged 
to the monoclinic system With teasing needles some of the casts and 
crystals were dislodged and photographed This proved conclusively 
that the brown of the pigment casts was natural and that the ciystals 
were not artefacts produced by staining and fixation It has so far 
pioved impracticable to separate enough material for spectroscopic and 
chemical analysis 
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The kidneys weie fixed in Zenkei’s solution and stained AMth hema- 
toxylin and eosin When appropriate sections A\eie studied undei Ioaa 
magnification, a bioad zone could be seen in the region of the coitico- 
medullaiy junction This area A\as lemarkable because of the laige 
numbeis of pigment casts and ciystals in the tubular lumens The 
coitical lays also weie made piominent because thej^ were filled with the 
same substances 



Fig 7 — Normal dog kidne}”^ (to be compared with figure 6) A normal 
glomerulus \\itli undilated tubules The tubular epithelium contains granules 
of hemosiderin Photomicrograph of section of tissue from dog 3, which was 
killed after fourteen transfusions, given when the urine was alkaline 

With highei magnification the glomeiuh appealed noimal The 
ciystals and casts occuired chiefly in the lumens of Henle’s loops and of 
the recuiring limbs and to a lesser extent in the collecting tubules 
Proximal to these obstructions, the lumens of the descending limbs and 
the spaces of BoAAman Avere dilated The pigment masses and crAstals 
appeared greenish broAAm This AA'^as in contrast to the brOAvnishness 
seen in the fresh, unfixed and unstained prepaiations The gieen tint 
AAas probably caused Ida the action of the fixatn^e on the pigment The 
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gieenjsh blown was also in contrast to the golden }el]ow of the heino- 
sideiin contained in the epithelial cells This suggests the liifeience 
that the pigment casts and crystals aie not hemosiderin This is sup- 
ported by the fact that they did not give the piussian blue reaction A 
few lumens weie filled with polymorphonuclear Ieukoc}tes Patchy 
areas of stioma weie infiltrated \Mth leukocytes Special stains, how- 
e\er, never revealed the presence of bacteiia 

Adjacent to the pigment casts and crystals there nas some degeneia- 
tion of epithelium This was not maiked However occasional neci otic 



Fig 8 — Tubular obstruction Tubular lumens in the region of Henle’s loops 
were filled with greenish brown crystals of pigment, casts of amorphous pigment 
and some leukocytes This section is from the same kidney as the section pictured 
in figure 5 

cells occurred in tubules which did not contain casts, and caieful search 
usually revealed mitotic figures as evidence of regeneiation In some 
places tubules weie lined with low cuboidal epithelium which could be 
inteipreted either as legeneiating epithelium or as residua after slough- 
ing of portions of the cells 

In most of the kidneys studied the amount of necrosis was minimal 
The essential lesion appealed to be simple mechanical blockage of the 
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tubules with pigment casts and crystals The ewdence of epithelial 
injur} was marked m one dog (dog 21) In this animal, in addition to 
extensive obstruction, there was an extreme degiee of necrosis of the 
cells of the convoluted tubules and deposition of calcium salts in some 
of the neciotic cellular debris 

From the histologic changes observed it vas ewdent that tvo distinct 
and appaiently separate pathologic piocesses were involved The most 
common and sti iking one was that of tubulai obstiuction b} pigment 



Fig 9 — Tubular obstruction Collecting tubules filled with leukocjtes and 
pink-staining albuminous material This section is from the same kidney as the 
section depicted in figure 5 


precipitated in the region of Henle’s loops The othei was a destiuc- 
tive process involving paiticulaily the epithelium of the con\oluted 
tubules The kidneys of dogs 1, 2, 5, 12, 20 and 24 showed the obstruc- 
tive process in marked predominance Dogs 21 and 11 show^ed a com- 
bination of extensive neciosis and marked obstruction wuth pigment 
There w^as no significant obstruction in the kidneys of dog 23 and the 
amount of necrosis was not as extensive as that in dogs 21 and 11 No 
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correlation could be made between the occuiience of the type of lesion 
and any other factoi Neither the period of survival aftei transfusion 
noi the amount of letention of nitrogen seemed to have a direct relation 
Many mitotic figuies were seen in kidneys of animals which lived only 
four days after transfusion 

The most striking demonstration of the two tjpes of renal lesions 
was obtained by study of dogs 23 and 24 These two animals both had 
acid urine, and the transfusions were given within the same hour with 
the same lot of solution of hemoglobin The clinical courses weie 



Fig 10 — Tubular regeneration Three mitotic figures are shown in the cross- 
section of a single convoluted tubule In most kidneys, however, evidence of 
regeneration was not as common as is depicted here Photomicrograph of a sec- 
tion of tissue from dog 24, which died in uremia seven days after a single trans- 
fusion received when the urine was acid 


unusually similar, both animals dying in coma seven days aftei the 
transfusion, with urea nitiogen values of 3241 and 362 6 mg pei 
hundred cubic centimeters of blood, respectively The kidneys of dog 
23 showed moderate necrosis and piactically no obstiuction with pig- 
ment, but the kidneys of dog 24 contained extensive obstructive lesions 
and a minimal amount of necrosis 
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MORBID ANATOMIC PICTURE IN PATIENTS \MTH POST-TR \NSrUSION 

UREMIA (TABLE 3) 

Studies -ueie made of the kidneys of eight patients who died of 
renal insufficiency following blood tiansfusion and of one patient mIio 
died of uremia following hemolysis from quinine Five patients vith 
transfusion reactions weie fiom oui own autopsy senice, and niicio- 
scopic sections of the remaining four were lent to us by otheis The 
kidneys of our patients were somewhat enlarged and congested On 
section, brownish radial stieaks could often be made out m the medulla 
Microscopically, the anatomic basis for the renal insufficiency was not 
evident m the majority of the cases studied Pei haps the most constant 
abiioimality was edema of the interstitial tissues A vaiiable numbei 
of brown pigment casts were observed in the tubules, especially in 
Henle’s loops and m the collecting tubules Although m many of the 
cases theie weie not enough pigment casts to mteifere seiiously with 
lenal function, neveitheless in oui expeiience the presence of these 
casts has been the most diagnostic anatomic featuie of lenal insuffi- 
ciency following transfusion There was some degeneiation of the 
epithelium adjacent to the casts, and neciotic cells weie occasionally 
unassociated with casts This was not striking in any of the cases 
studied In two cases considerable hemosiderin was deposited m the 
tubular epithelium Dilatation of convoluted tubules was usuall} 
present and marked Many of the tubules were lined with low cuboidal 
epithelium, suggesting either a previous sloughing of the supeificial 
poition or legeneration of cells Mitotic figures, howevei, weie found 
only with difficulty Occasional tubules contained polymoiphonucleai 
leukocytes The glomerular tufts appealed essentially noimal 

In two of the cases the kidneys were so badly damaged by the pii- 
maiy renal lesion that the lesions incident to the transfusion leaction 
weie overshadowed except for the presence of scattered pigment casts 

Qualitatively, the chaiacteristics were essentially the same as those 
obseived in the dogs, except that in the human kidneys theie were fre- 
quent hemorihages into the tubulai lumens which were not piesent m 
the dogs Neither the accumulation of pigment debris in tbe tubulai 
lumens noi the necrosis of epithelium was as maiked as in the dog 
kidneys A satisfactoiy anatomic basis foi the renal insufficiency was 
often lacking m the human mateiial 


COMMENT 

In our experiments on hemoglobinui la m dogs the chemical e\ idence 
and the clinical couise indicated fanly clearly that death was the result 
of renal msufficienc) No significant anatomic changes outside the 
kidnejs veie noted except in t^^o dogs vhich showed some necrosis of 
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the central zones of the hepatic lobules The kidneys of si\. dogs (dogs 
1, 2, 5, 12, 20 and 24^ gaAe satisfactoiy eMdence of extensne obsti no- 
tion with pigment of the tubules m the legion of the loops of Hcnle 
theie was a minimal amount of tubulai neciosis These six kidnejs 
then, presented an anatomic picture of relativel} puie obstiuction ^Mth 
pigment Physiologic distiubances, in addition to obstiuction, cannot 
of couise, be excluded on an anatomic basis Fiom the anatomic ciiteiia 
the h}pothesis of Baker and Dodds ° can explain these lesions These 
writeis have demonstiated that hemoglobin forms a piecipitate m solu- 
tions comparable to mine vith an acid leaction Richaids and Walker ” 
have stated that the glomeiular filtiate in the amphibian tubule first 
becomes acid in the legion of Henle’s loop This location for the dogs 
kidney can be onl}'- mfeiied at piesent, but the assumption of a similai 
situation will explain the lesion which v e have desci ibed The hypothe- 
sis will also explain why dogs which veie gi\en tiansf visions when 
the urine w^as alkaline did not sliow^ renal lesions 

In three other dogs (dogs 11, 21 and 23) theie was evidence of a 
severe giade of tubular necrosis as well as some obstiuction wuth pig- 
ment Of these, only dog 11 had hepatic necrosis In dog 23 the tubulai 
necrosis ovei shadow^ed the obstiuction so completely that we were forced 
to the conclusion that the latter pi ocess could not have pi oduced serious 
interference with lenal function 

From our anatomic studies of dogs w^e conclude that the mechanism 
of obstruction of renal tubules with hemoglobin pigment may be the 
chief cause of lenal insufficiency but that theie is anothei, piobabh 
independent, pi ocess operating wduch causes tubulai necrosis and wdiich 
may be severe enough to cause death 

The deposition of hemosideim m the tubulai epithelium has 
impressed some authoi s as being a possible cause of impaired function 
In our studies of dogs this seems to be a pait of the physiologic pi ocess 
which occurs whenever hemoglobin is free in the blood stream The 
pigment is taken up not only by the tubular epithelium of the kidney but 
also by the Kupffei cells in the liver and by the leticulo-endothehum of 
the spleen and lymph nodes When repeated injections aie given, hemo- 
siderin IS aggregated in masses of mononuclear cells m the parenchvma 
of the liver and the interstitial tissue of the kidney It does not appeal 
however, that this pi ocess leads to impairment of function Renal 
insufficiency occuired in some dogs with onlv minor grades of 
hemosiderosis 


11 Richards, A N , and Walker, A kl Urine Formation in the Amphibian 
Kidney, Am J M Sc 190 727-746 (Dec ) 1935 

12 Lichtv , I A , Havill, W H , and Whipple G H Renal Thresholds for 
Hemoglobin in Dogs, J Exper Med 55 603-615 (April) 1932 Bordlei ^ 
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We have incorporated m table 4 the principal anatomic featuies 
desci ibed by several authors in isolated cases of human beings v ho 
died as a result of renal insufficiency following leactions due to blood 
tiansfusion or, in one case, following quinine hemoglobmuiia No 
attempt has been made to record the various lesions quantitatively, as 
this IS manifestly impossible without studying the tissues at first hand 
with lefeience to a large senes of cases The tabulation illustiates three 
points first, that most of the kidneys desci ibed resembled each othei 
qualitatively as to the types of lesions present, second, that the quantita- 
tive relation of the various lesions must have varied consideiably, as 
inferred from the author’s final anatomic diagnosis, and, thud, that the 
anatomic study of fiom one to three cases does not constitute a safe 
basis for generalization as to the etiology of the condition 

With separate anatomic pictures of obstruction with pigment and of 
a necrosing process available m our experimental material for compaii- 
son, the histologic studies of the kidneys of nine human beings who died 
of lenal insufficiency after hemolysis has tended to clarify some of the 
questions relating to etiology In all the patients there was evidence that 
the precipitation of hemoglobin pigment in the tubular lumens had 
occurred to a slight degree at least But m most of the cases not enough 
tubules were obstructed to produce any important diminution in renal 
function Two of the patients, however, had enough tubules obstructed 
to have been a possible factor in producing death Nevertheless, the 
presence of pigment casts and of hemosidei osis is an important crite- 
rion m making the anatomic diagnosis of transfusion nephropathy The 
predominant lesions were more often degenerative changes in the tubules 
and inteistitial edema In many of the cases the anatomic changes veie 
slight and did not appear adequate to explain the renal insufficiency 

Another point to be kept in mind in compaiing the human and dog 
kidneys was that the dose of hemoglobin administered to the dogs was 
probably at least twice as much as that administered to most of the 
patients on the basis of body weight It should also be remembered 

13 (a) Bordley^ (b) Goldnng, W, and Graef, I Nephrosis with Uremia 
Following Transfusion with Incompatible Blood Report of Seven Cases with 
Three Deaths, Arch Int Med 58 825-845 (Nov ) 1936 (c) Baker and Dodds ’’ 
(d) Witts, L J A Note on Blood Transfusion, with an Account of a Fatal 
Reaction, Lancet 1 1297-1299 (June 22) 1929 (e) Shera, G Fatal Suppression 

of Urine Caused bj' Latent Hemagglutinins, Brit M J 1 754-755 (May 5) 1928 
(/) Pa}me, R V Acute Hemoljdic Anemia Death After Transfusion, Guv’s 
Hosp Rep 84 65-71 (Jan ) 1934 (</) Lemke, R Pathologisch-anatomische 

Befunde bei Todesfallen nach Bluttransfusionen, Virchows Arch £ path Anat 
2,57 415-429, 1925 (/i) Liege, R, and Herr, A Les nephropathies graves post- 

transfusionelles, Ann de med 34 398-420, 1933 (i) Lindau, A Reaktionen nach 
Bluttransfusion Erne atiologische und pathologisch-anatomische Studie, Acta path 
et microbiol Scandmav 5 382-427, 1928 (;) Terplan and Javert- 
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tliat tliere are some chemical differences between human and canine 
hemoglobin which might account for some of the disci epancies noted It 
should be pointed out that m the kidneys of dogs 12 and 20 we had illus- 
trations of the amount of obstruction with pigment which was less than 
the minimum amount necessary to pioduce death, as these dogs weie 
killed when they weie lecovering from lenal insufficiency 

CONCLUSIONS 

The tiansfusion oi canine hemoglobin into dogs when the uiine 
is acid lesults in death from renal insufficiency This does not occui 
when the urine is alkaline at the time of the tiansfusion 

The anatomic picture of obstruction of the renal tubules by hemo- 
globin pigment sufficient to be the chief cause of the renal insufficienc}’’ 
IS observed in most dogs undei the experimental conditions outlined A 
nephiotoxic piocess often operates and may cause renal insufficiencj 
independently 

The deposition of hemoglobin pigment as hemosideiin in the lenal 
tubules and in the i eticulo-endothelial system appaiently does not con- 
tribute to the development of renal insufficiency 

An anatomic study of the kidneys of nine human beings who died of 
lenal insufficiency after hemolysis levealed the two independent mecha- 
nisms seen in dogs, the obstiuction with pigment and the neciosing 
factoi 

In occasional human beings the precipitation of hemoglobin pigment 
in the tubules is extensive and may be a cause of lenal insufficiency 
This complication could probably be pi evented by alkalinizing the urine 
prior to the transfusion 

The lenal insufficiency after hemolysis in the majoiity of human 
beings IS probably caused by some nephiotoxic substance which causes 
degeneiation of tubular epithelium and interstitial edema 

Dr E T Bell, Professor of Pathologj^ at the University of Minnesota, 
examined the tissue sections and offered valuable suggestions Drs M F Hassett 
of St Paul, M L Weinstein of Chicago, K L Terplan of Buffalo and A M 
Moody of San Francisco furnished material from their patients 
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The relation of the th 3 T 0 id gland to tubeiculosis has received much 
attention in the hteiatuie since about the middle of the last century 
Clinical, expel imental and pathologic observations have produced a 
diversity of opinions concerning this relation It is our puipose to 
review biiefly the more important views expressed in the hteratuie 
and to piesent clinical observations on the progress of 23 patients with 
coexistent Itypeithyioidism and pulmonary tuberculosis 

REVIEW or THE LITERATURE 

Earlier writeis (Virchow, Rokitansky and Hambuiger^) believed 
an antagonism exists between tuberculosis and the thyroid gland and 
that the latter is immune to invasion Infections of vaiious types may 
produce diffuse tempoiaiy swelling of the thyroid and congestion or col- 
loid goiter This seems to be particularly true in cases of tubeiculosis, m 
which parenchymatous oi colloid goiter is relatively common " Such a 
goiter may recede as the tuberculosis heals, but if the tuberculosis 
progresses there may develop m the later stages a diffuse sclerosis of 
the thyroid gland and in some instances, late in tuberculosis, evidence 
of thyroid insufificiency In some instances diffuse sclerosis of the 
endocrine system has been associated with tuberculosis, in such cases 
it IS possible that changes in the thyroid gland may have been due in 
part to lesions in othei endocrine organs (i e , the anterior lobe of the 
pituitary gland The clinical picture of mild hyperthyroidism is fre- 

From the Sections on endocrine and thoracic disorders of the Medical Clinic, 
the Hospital of the University of Pennsylvania 

1 Virchow, Rokitansky and Hamburger, cited by Epstein 

2 Brown, P K Hyperthyroidism and Tuberculosis, Tr Am Climat &. 
Clin A 37 37, 1921 

3 Jedlicka, V Relation of the Thj'roid Gland to Tuberculosis, Casop lek 
cesk 75 1521, 1936 
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quently seen m cases of early tubeiculosis and may confuse the diagnosis 
The eailier belief that the association of tuberculosis and frank hypei- 
thyroidism is a rarity ^ has been disproved by numerous later reports, 
but It seems to be true that active pulmonary tuberculosis and fiank 
thyrotoxicosis are not commonly encountered in the same patient 
Jedhcka ® has recentty wiitten an extensive leview of the entire subject 
of the 1 elation of the thyroid gland to tuberculosis 

Experimental Studies — The protective action of the thyioid gland 
against tuberculosis has been studied experimentally, with conflicting 
results Steinback,® Suzuki and Hanaoka,® Ishimaru ’’ and others ® have 
produced evidence suggesting that the presence of the thyroid gland 
or the administration of thyroid substance assists body defense against 
tuberculosis in the experimental animal Schedtler,® however, found 
attenuation of tuberculosis in guinea pigs and rabbits after thyroid 
ablation, and Galli found that thyroidectomized guinea pigs survived 
bovine tuberculosis longer than did controls Gloyne’s work led him 
to express the belief that there is little reason to attribute a direct 
antitoxic action to the thyroid gland m tuberculosis 

Evidence has been found of hypertrophy and hyperfunction of 
the thyroid gland m expei iinental tuberculosis Ishimaiu’’ found m 

4 (c) West, Samuel Thirty-Eight Cases of Exophthalmic Goitre, with 

Remarks, Tr Ophth Soc U Kingdom 6 76, 1886 (b) Epstein, D Tuberculose 

und endoknnes System, Ztschr f Tuberk 72 383, 1935 

5 Steinback, M M Experimental Tuberculosis in the Albino Rat The 
Comparative Effects of Avitaminosis, Suprarenalectomy and Thyroid-Parathy- 
roidectomy in Experimental Tuberculosis, Am Rev Tuberc 26 52, 1932 

6 Suzuki, K , and Hanaoka, M Studies on the Relation Between the Func- 
tion of Internal Secretion and Tuberculous Infection The Tuberculous Infection 
in the Case of Abnormality of Function of Hvpophysis and Thyroid Gland, Tr 
Soc path jap 24 415, 1934 

7 Ishimaru, Y Effect of Tuberculous Infection on the Tissues of the 
Thyroid and Thvmus Glands, Kekkaku 13 7 (March 25) 1935 

8 Marbe, S Les opsonines dans les etats thyroidiens I Les opsomnes 
des animaux hyperthyroldes, Compt rend Soc de biol 64 1058, 1908 Stepanoff 
Le corps thyroide et les defenses naturelles de I’organisme, ibid 66 296, 1909 
Bernard, Suzanne Glande thyroide et tuberculose Influence de la thyroidectomie 
sur revolution de la tuberculose experimentelle chez le lapin. Thesis, Pans, no 55, 
1921 

9 Schedtler, D Tuberkuloseablauf und Schilddrusenfunktion, Ztschr f 
Tuberk 70 314, 1934 

10 Galh, R Tiroidectomia e decorso delle infezione Studio morfologico 
delle reazioni cellulan negli animali stiroidati. Arch ital di chir 41 571, 1935 

11 Gloyne, S R Experimental Tuberculosis, J Path & Bact 28 451, 1925 

12 Webb, G B Immunity in Tuberculosis, J Lab & Chn Med 1 414, 1916 

13 Hashimoto, T Study of Function of Thyroid Glands of Tuberculous 
Rabbits, J Orient Med 25 81, 1936 
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guinea pigs that as the infection progressed the pictuie of partial hj-pei- 
f unction (colloid goitei) appeared and was followed in the late stages 
by atiophic and degenerative changes He also found that thy- 
roidectomized animals infected with tubeiculosis showed more marked 
regressive changes in the thymus and adrenal glands than did non- 
thyroidectomized controls Conversely, thymectomized animals showed 
degenerative changes m the thyroid gland 

Frommel, Herschberg and Tiottet^^ found that tuberculin hastened 
the metamoiphosis of tadpoles somewhat but did not affect the giowth 
or epiphysial development of young rabbits and guinea pigs They 
also found that a single injection of tuberculin often caused tachycaidia 
and thyroid congestion m guinea pigs , no response occuri ed af tei 
thyioid ablation 

Iodine Content of the Thyiotd Gland m Tnhei culosis — Labbe, Vitiy 
and Giraud found a wide variation in the iodine content of the thyroid 
glands of 24 persons who had died of tuberculosis This did not seem 
to be influenced by iodine therapy In general, the iodine content was 
greater in cases of rapidly progiessive than m cases of nioie chronic 
tuberculosis, leading the authors to postulate a condition of thyioid 
exhaustion in the lattei Piazza^® found the iodine content of the 
thyioid glands of peisons who had died of tuberculosis to be greatei 
in relation to the total weight of the gland than that of the thyioid 
glands of persons dying of other causes 

Basal Metabolism in Puhnonaiy Tubeiculosis — This has been 
extensively studied, again with conflicting conclusions Raimondi and 
Scaitascmi concluded that the basal metabolic rate tends to rise with 
the progiess of tuberculosis and to fall as healing occurs They found 
a sharp drop in the metabolic rate after pneumothorax (In this con- 
nection the findings of Abbott and his associates are interesting They 
reported a “reversion” of the thyroid gland to the colloid state in 31 
per cent of puppies and 57 per cent of kittens after pneumothoiax and 
oleothorax but no changes in the thyioid gland in adult dogs and cats 

14 Frommel, E , Herschberg, A D, and Trottet, A Tuberculine et tb 3 roide 
£tude experimentale — deductions therapeutique, Rev de la tuberc 11 399, 1935 

15 Labbe, H , Vitry, G , and Giraud, G Dosage de I’lode contenu dans les 
corps thyroides des tuberculeux Compt rend Soc de biol 65 371, 1908 

16 Piazza, R II contenuto in lode della tiroide nei tubercolotici Riforma 
med 49 325, 1933 

17 Raimondi, A A , and Scartascini, R El metabolismo basal en la evolucidn 
de la tuberculosis pulmonar, Prensa med argent 22 21 (Jan 2) 1935 

18 Abbott, A C , Goodwin, A M , Meltzer, S , and Stephenson E Eftect 
of Pneumothorax and Oleothorax on the Histologic Structure of the Thiroid 
Gland, Arch Surg 30 667 (April) 1935 
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after such pioceduies ) Coidiei stated the'opinion that sudden eleva- 
tion of the basal metabolic rate (fever being excluded as a cause) is a bad 
prognostic sign in tuberculosis Charosky,^“ in a study of 240 patients, 
found the greatest inciease in the metabolic late m patients with active 
fibrocaseous lesions McBiayer^^ and Moraldi -- found an increased 
late in a large percentage of then patients 

On the othei hand, Izzo, Lanz and Casanegra found the basal 
metabolic late within noimal limits m 83 pei cent of 116 cases and 
concluded that when an elevation occuis it is m pioportion to the 
elevation of the tempeiatuie They said they felt that pulmonary 
tuberculosis itself does not exert any effect on basal metabolism 
McCann and Ban stated that the basal metabolic rate may be normal 
01 slightly increased in tuberculosis and that m this disease the loss of 
weight may cause a drop in the metabolic rate which moie than com- 
pensates foi the tendency to an increase m the late caused b}’^ the 
infection Ohviei and Skladal found no con elation between the 
elevation of the basal metabolic rate and the seventy of the tuberculosis 
and concluded that a normal late does not necessaiily indicate a stabiliza- 
tion of the tuberculous process McMahon found an inci eased basal 
metabolic rate only in cases of advanced tubei culosis Mai sh i eported 
noimal rates in cases of advanced tuberculosis Makinen-® compared 
findings for 142 patients with pulmonary tuberculosis (928 determina- 
tions) with those for 10 noimal subjects (75 determinations) He 

19 Cordier, V Metabolisme basal des tuberculeu\, Compt rend Soc de 
biol 88 782, 1923 

20 Charoslty, Leon Metabohsmo basal en la tuberculosis pulmonar Con- 
sideraciones sobre 240 casos. Rev Asoc med argent 48 1256, 1934 

21 McBrayer, R A Blood Sugar and Basal Metabolism Findings in 
Chronic Pulmonary Tuberculosis and H 3 'perthyroidism, JAMA 77 861 (Sept 
10) 1921 

22 Moraldi, M Osservaziom sul metabohsmo basale nella tubercolosi pul- 
monare, Tuberculosi 24 329, 1932 

23 Izzo, R A , Lanz, P , and Casanegra, A El metabohsmo basal en la 
tuberculosis pulmonar, Semana med 2 1092 (Oct 11) 1934 

24 McCann, W S , and Barr, D P Clinical Calorimetry XXIX The 
Metabolism in Tuberculosis, Arch Int Med 26 663 (Dec ) 1920 

25 Olivier, IT R, and Skladal, J fitude du metabolisme basal dans 30 cas 
de tuberculose pulmonaire, Ann de med 34 307, 1933 

26 McMahon, A Basal Metabolism in Pulmonary Tuberculosis, Tr Am 
Therap Soc 31 221, 1931 

27 Marsh, M E Respiratory Metabolism and Pulmonary Ventilation in 
Pulmonary Tuberculosis, J Lab & Clin Med 18 599, 1933 

28 Makinen, N Beitrage zur Kenntms uber der Grundumsatz bei Lungen- 
tuberkulose, Acta Soc med fenn duodecim (Ser B, pt 1, Art 1) 18 1, 1933 
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found no con elation between the metabolic late and the stage oi 
pathologic type of tuberculosis oi the sedimentation rate 

Cholesterol Content of the Blood m Tuber culosis — The cholesterol 
content of the blood is almost constantly increased in hypothyioidism 
and IS often decreased in hyperthyroidism Variations m the choles- 
terol content in tuberculosis aie of mteiest and of possible importance 
in connection with these facts, although further study is necessary to 
determine any significant relation It is generally agreed that in 
active tuberculosis the cholesteiol level is lowered, the lowest figure 
being obtained in the ulcerative forms with exudation Healing is 
accompanied with a rising level Lumbreras and Morante stated 
that a rise occurs also in tuberculous meningitis They found no i elation 
beti\een the cholesterol content of the blood and the sedimentation 
rate or the bacillary content of the sputum and no definite i elation 
betw^een blood sugar and blood cholesterol in tubei culosis Leonardi 
stated as his opinion that the body defenses are augmented by hypei- 
cholesteremia and that an increase m the ratio between cholesteiol ester 
and free cholesterol is a favorable prognostic sign Osato, Kurashige 
and Sakurai found an increase in the fatty acid and cholesteiol con- 
tents of the lungs and liver of tuberculous subjects, wuth a marked 
increase in the adrenal glands Steinberg reported a fall m blood 

cholesterol values within forty-five days ante mortem m 17 of 20 per- 
sons dying of tuberculosis 

Thyroid Opotherapy in Tuberculosis — Greenfield, in 1893, and 
Moiin,®^ in 1895, suggested the administration of thyioid substance in 
the treatment of tuberculous patients A similar suggestion w^as made 

29 Hurxthal, L M Blood Cholesterol and Thyroid Disease Myxoedema 
and Hypercholesteremia, Arch Int Med 53 762 (May) 1934 

30 (a) Leonardi, S La colestenna nel sangue e nell’espettorato dei tuber- 

colotici polmonari, Morgagni 77 683 (June 23) 1935 (&) Ceccarelli, Danilo 

Riccrche sulla colesterinemia nei soggetti affetti da tuberculosi polmonare, Tuber- 
colosi 25 414, 1933 (c) Lumbreras, R B , and Morante, A F Colesterinemia^ 

V glicemia en los enfermos tuberculosis, Arch de mod , cir y especialid 37 1365 
(Dec 15) 1934 (J) Steinberg, I R La colesterinemia en los pen'odos prc- 

ag6nicos de la tuberculosis, Semana med 2 1225 (Oct 24) 1935 (^) Eyza- 

guirre y E , G La colestenna en la tuberculosis pulmonar, Cr6n med , Lima 
53 3, 1936 

31 Osato, S , Kurashige, T , and Sakurai, H Fettstoffwechsel des tuber- 
kulosen Organismus I Mitteilung, Untersuchungen uber die Fett- und Lipoid- 
^ertellung in den Organen und Geweben des tuberkulosen Organismus, Jap J M 
Sc (VIII, Int Med , Pediat &. Psjxhiat ) 4 123, 1936 

32 Greenfield, W S Some Diseases of the Thyroid Gland, Lancet 2 1553, 
1893 

33 Morin Phj'-siologie et medication thyroldiennes. Rev med de la Suisse 
Rom 15 241 (May 20) 1895 
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by Webb and his associates'^ in 1921 Coulaud ““ leported on 3 
patients with nontuberculous aithritis in whom active pulmonary tubei- 
culosis developed aftei they received thyroid therapy, he quoted lef- 
erences to 3 similar cases reported in the hteiature Dalto and Cha- 
losky^® gave 0 2 Gm of a thyioid prepaiation daily for five days to 
31 patients with pulmonaiy tubeiculosis, only 3 showed a rise in pulse 
late Seveial writers have commented on the susceptibility of persons 
with hypothyioidism to tuberculosis Schedtler,® however, found no 
such 1 elation and stated that theie is no basis for the treatment of 
tuberculous patients with thyroxin 

Pathologic Picture of the Thyioid Gland in Tubei cnlosis — The 
subject of tuberculosis of the thyroid gland has been so extensively 
leviewed^" that it requires onl}' biief mention here This condition is 
1 datively lare (0 1 per cent of 20,758 glands examined at the Maj’-o 
Clinic®'®), it affects women chiefly and it has a varied symptomatology, 
seldom being diagnosed clinically It may be associated with toxic or 
nontoxic goiter, but whether coincidentally or as an etiologic agent is 
unceitain It is believed to be hematogenous and usually secondary to 
a tuberculous focus elsewheie Diffuse or isolated tubercles, caseation, 
abscess or diffuse sclerosis may be present Of 125 cases, reports of 
which veie collected by Rankin and Graham,®'® active tubeiculosis was 
known to be present m 6 and to be suspected m 5 others 

Coulaud ®® studied the thyioid glands of 120 tuberculous patients, 
with the findings presented m table 1 He stated that he had nevei 
seen the histologic picture of hypeithyroidisin m the thyroid gland of a 
tuberculous subject Roger and Gamier®® reported maiked scleiosis 
with peiiaiteritis and endarteritis m the thyioid glands of 4 tubei culous 
subjects 

34 Webb, G B , Gilbert, G B, and R 3 'der, C T The Adrenals and Tln- 
roid in Experimental Tuberculosis, Am Rev Tuberc 5 266, 1921 

35 Coulaud, E L’opotherapie thjroidienne et tuberculose, Ann de med 10 
385, 1921 

36 Dalto, A , and Charosky, L La prueba de la tiroidma en la tuberculosis 
pulmonar, Prensa med argent 20 1593 (July 19) 1933 

37 (a) Rankin, F W , and Graham, A S Tuberculosis of the Thyroid 

Gland, Ann Surg 96 625, 1932 (b) Coller, F A , and Huggins, C B Tuber- 
culosis of the Th}moid Gland, ibid 84 804, 1926 (c) Starlmger, F Cases of 

Tuberculosis of the Thyroid Gland, Wien med Wchnschr 83 439, 1933 (d) 

Sehmisch, W Schilddrusentuberkulose und Basedow, Deutsche Ztschr f Chir 
243 693, 1934 (e) Jedlicka ^ 

38 Coulaud, E Le corps thyroide des tuberculeux. Bull et mem Soc med 
d hop de Pans 44 1551 (Dec 17) 1920 

39 Roger, H, and Gamier, M La sclerose des corps thyroides chez les 
tuberculeux, Compt rend Soc de biol 5 873, 1898 



ROSE-HOPKINS— HYPERTHYROIDISM AND TLBERCULOSIS 637 


From Jan 1, 1930, to Sept 1, 1936, 7,763 necropsies were peifoiined 
m the University of Pennsylvania service at the Philadelphia General 
and Unnersity of Pennsylvania hospitals, 1,268 of these were on per- 
sons who died of tuberculosis or its complications In 108 of the reports 
the thyroid gland vas described either grossly or microscopically The 
data are presented in table 2 It will be seen that no instance of hyper- 
thyroidism and coexistent active pulmonaiy tubeiculosis vas found 
During the same period necropsy was performed on 18 persons who died 


Table 1 — Pathologic Changes in the Thyioid Gland in Tiibei culosis (Couland) 


Pathologic Changes 

Xumber of Patients 

Tuberculosis 

3 

Cystic goiter 
jS’o definite change 

3 

12 (most rapidly fatal tuberculosis) 

Increased connective tissue (slight) 

14 

Large areas of sclerosis (patchy) 

6 

Diffuse sclerosis 

35 (mostly chronic tuberculosis) 

Regeneration 

45 (slow involution of tuberculosis 
in most) 

Phlegmon 

2 


T \ELE 2 — Condition of Thyioid Glands of One Hiindicd and Eight Patients Who 
Died of Pidmonaiy Tiibei culosis or Its Complications 


Active (Adults) 

— t. 

aiicro- 


Condition of Thyroid Gland Gross scopic 

Aonnal 59 9 

Colloid goiUr 1 

Pibrosis 2 

Hypoplasia 1 

Oalciflcation 1 

Atrophy and fibrosis 4 6 

Acute congestion l 

Adenomatosis 2 2 

“Degeneration” l 

Chronic thyroiditis l 

Hypertrophy 1 

Adenoma with nbrosis 1 

Atrophy 1 

Toxic hyperplasia 


Type of Tuberculosis 

- ^ -- - 

Healed (Adults) Aetive Miscellaneous 
* ^ (Children) (Pleurisy, 



Micro 

Micro- 

etc ) 

Gross 

scopic 

scopic 

Microscopic 

4 

4 

2 



1 


1 


1 

1 

1 


of hyperth3froidism or its complications Among these, 2 sho^^ ed healed 
apical tuberculosis, 1 a healed Ghon tubercle of the lower lobe and 1 
tuberculous mediastinal adenitis No instance of active pulmonary 
tuberculosis vas found 

Hypei thy} oidism and Pulmonaiy Tube) culosis — Most viiters agree 
that the association of frank hyperthyroidism with active pulmonary 
tuberculosis is uncommon The incidences reported vary fiom 0 25 

40 ^on Massur, F W Relation of Thj^roid Changes to Origin and Course 
of Chronic Pulmonary Tuberculosis, Beitr z Khn d Tuberk 39 45 1918-1919 
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to 1 5 per cent Rink i eported an incidence of less than 1 pei cent 
in 12,976 cases of pulmonaiy tubeiculosis The appearance of a mild 
tiansient pictuie of hypeithyioidism (forme fruste) with goitei and 
elevation of the basal metabolic late is not uncommon, however, eaily 
in tubeiculosis, especially in young women This has been regaided 
as evidence of an active defense mechanism and has been correspond- 
mgly thought to be of good prognostic significance The signs and 
symptoms usually subside as the tubeiculous lesion eithei progresses oi 
heals Steck studied the reeiifoicing effect on epinephime vasocon- 
stiiction of blood from normal persons, thyrotoxic patients and tubei- 
culous patients with and without “Basedow-like” symptoms He 
concluded that the thyi oid gland does not play a part in producing the 
“thyrotoxic” symptoms often seen in tuberculosis The difficulty of 
making a differential diagnosis between hypeithyioidism and eaily tuber- 
culosis has leceived much attention Man)'^ of the signs and symptoms 
of eaity tuberculosis (tachycaidia, loss of weight, neivousness and 
vasomotoi phenomena) have been ascribed to a direct stimulating effect 
of the infection on the thyroid gland Pulmonary tuberculosis is 
legarded as an important and often overlooked cause of hypeithyroidism 
by some wi iters Others believe that no significant i elation exists 
between the two diseases 

Opinion IS divided as to the effect of hypeithyroidism on the piog- 
nosis of coexistent tuberculosis Fishberg,^® Rink,^^ Lissei,^^’^ Rich- 

41 Rink, W Lungentuberkulose und Schilddrusenerkrankungen, Tuberku- 
lose 13 179, 1933 

42 (c) Richard, G Syndromes basedowiens et tuberculose, Rev fraiig 

d’endocnnol 12 199, 1934 (b) Leitner, J Tuberkulose und innere Sekretion, 

Zentralbl f d ges Tuberk -Forsch 41 1, 1935 

43 Steck, H Recherches experimentales sur les relations liypothetiques 
entre la maladie de Basedow et la tuberculose, Schweiz med Wchnschr 51 535 
(June 9) 1921 

44 (a) Stevenin, H , and Franchel, F Hyperthyroidie et tuberculose pul- 

monaire, Monde med , Pans 46 649 (April 15) 1936 (b) Lisser, H The 

Relation of the Ductless Glands to the Incidence and Development of Tubercu- 
losis, Am Rev Tuberc 29 249, 1934 (c) Frank, L W Tuberculosis and Toxic 

Goiter, ibid 25 49, 1932 (d) Roberts, S R The Determination of Tubercu- 

losis and Toxic Goiter, ibid 23 120, 1931 

45 Maranon, G Hipertiroidismo y tuberculosis. Cron med mex 31 829 
(Sept) 1932 Epstein 4b 

46 Saathof, L Thyreosis und Tuberkulose, Munchen med Wchnschr 60 
230, 1913 

47 Gruner, S Die Beziehungen zwischen Lungentuberkulose und den 
Erkrankungen der Thyreoidea, Ztschr f Tuberk 53 319, 1929 

48 Fishberg, M Pulmonary Tuberculosis, ed 4, Philadelphia, Lea & Febiger, 
1932, vol 2, pp 217-219 
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aid and others liaAe stated the opinion that the couise of tubeiculosis 
IS favorable when h} pei thyroidism is piesent Lisser and Fishbeig 
ha^e emphasized the susceptibility of in} xedematous persons to tubei- 
culosis A corollar} to these vien s is the belief that tuberculous patients 
vith toxic goitei should be treated conseivatively and that tin roidectoiny 
in such cases is likely to be followed by rapid progress of the puhnonai} 
process^® On the contrary, hyperth}ioidism is regarded by seveial 
authors as an aggiaAating factor Thyroidectomy has been advocated 
by Cl lie, Cattell and Meiedith,^" Robei ts,'^'*'^ Sloan®® and otheis 
Crile lepoited that of 87 patients with tubeiculosis and hyperthyioid- 
ism, 74 5 per cent of those in v horn the diagnosis of tuberculosis v as 
confirmed roentgenographically shoned definite improvement after th}- 
loidectoiny Of those followed postoperatively by means of loent- 
genogiams, 82 per cent showed improvement and 35 per cent cuie 

REPORT OF CASES 

Duiing the peiiod fiom Jan 1, 1930, to Sept 1, 1936, 1,053 patients 
vith h} perthyroidism nere admitted to the Hospital of the University 
of Pennsylvania Among them were 14 with pulmonary tubeiculosis 
(diagnosis based on roentgen findings and positive results of examina- 
tion of the sputum oi physical signs), an incidence of 1 3 per cent 
During appi oximately the same period (Jan 1, 1930, to Dec 1, 1936), 
among 729 patients with pulmonary tuberculosis, active and aiiested 
the incidence of hypei thyroidism (14 cases) was 1 9 per cent 

We ha^e renewed the records of 23 thyrotoxic patients with asso- 
ciated puhnonai y tubeiculosis who weie admitted to the hospital between 

49 Hoffmann, H Goiter and Tuberculosis, Munchen med Wchnschr 70 
1363, 1923 

50 Coulaud, E Corps thyroTde et tuberculose, Thesis, Pans, Vigot freres, 
1922 Sergent, E, and Mignot, R HyperthyroTdie et tuberculose pulmonaire. 
Rev de la tuberc 6 561, 1925 Ison, H L Hyperthyroidism in Tuberculosis, 
M Bull Vet Admin 7 1171, 1931 

51 Cnle, G W H} perthyroidism and Associated Diseases, Surg, Gynec S. 
Obst 58 272, 1934 

52 Cattell, R B , and Meredith, J M The Management of Concomitant 
Hyperthj'roidism and Pulmonary Tuberculosis, S Clin North America 16 
1537, 1936 

53 Sloan, E P Tuberculosis and Goiter, J A M A 88 1954 (June 18) 1927 

54 The mortality from tuberculosis for the United States registration area is 
about 59 per 100,000 Although there are no accurate statistics on the number of 
cases of active tuberculosis — the morbidity rate — it is generally agreed that this 
figure IS at least ten times the mortalitj' rate A conservative estimate therefore 
would be that the morbidity rate is at least 590, or practically 0 6 per cent, for the 
country as a whole The figure is fairlj uniform for the Aanous sections of the 
country where tuberculosis is a reportable disease 
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June 1924 and Octobei 1935 Whenevei possible these patients have 
been bi ought back foi follow-up examination, which has included the 
making of i oentgenograms of the chest, blood counts, estimations of 
the sedimentation rate, detei minations of the basal metabolic late, 
examinations of the sputum when feasible and physical examinations , 
with the aid of these findings and the interval history the pi ogress of 
the two diseases has been determined 

For purposes of analysis the patients have been divided into two 
groups Group 1 contains 10 patients in whom tuberculosis was con- 
sideied active when they weie first seen Group 2 contains 13 patients 
in whom tuberculosis was considered inactive when they were fiist seen 
Six patients died of tubeiculosis from a month to eight and one-third 
years after admission to the hospital One patient died of a fractuied skull 
Theie weie no deaths attributable to hyperthyroidism The patients weie 
lefeired back to their physicians or to sanatoiiums for tieatment of the 
tubeiculosis Theie was no evidence of extrapulmonary tubeiculosis in 
any patient at the time of admission to the hospital No evidence of tubei- 
culosis was seen in any of the thyroid glands lemoved at opeiation, 
serial sections, howevei, were not made All patients opeiated on 
received iodine (compound solution of iodine or potassium iodide) as 
part of their pieparation A local anesthetic was employed, supple- 
mented by nitious oxide or avertin 

The peitinent data relating to oui patients are piesented m tables 
3 and 4 and aie summarized in table 5 It will be seen that all the 
patients m gioup 1 were women, most of them (7 of 10) under 40 
years of age In these patients the i espouse of the hyperthyroidism to 
treatment was not as good as is to be expected in cases of ordinary 
uncomplicated hyperthyroidism, only 3 patients being completely relieved 
and 1 remaining unimproved Treatment of the hypeithyroidism like- 
wise did not, in general, favorably affect the pulmonary disease, only 
2 patients showed slight impiovement, and 3 died of tuberculosis, the 
remainder becoming woise or remaining unchanged One patient showed 
an acute postoperative exacerbation of the tuberculosis The patients 
in gioup 2 were older, only 4 being undei 40 The effects of treatment 
on the hyperthyroidism were definitely better than m the patients m 
gioup 1 The course of the tuberculous processes was likewise more 
favoiable Although 3 patients died of the pulmonary disease after 
activation (which occuired from three to seventy-nine months aftei 
thyroidectomy), 4 showed healing and 2 improvement The preoperative 
response to iodine was somewhat better than that of the patients in 
group 1 

For many years it has been believed that the administration of 
iodides IS contraindicated m tuberculosis because of the danger of pro- 
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ducing an acute flare-up or extension We haie ieMe\\ed the recoids 
of all our patients (20) who leceued iodine foi eMdence of such an 
untoward effect without finding any clear evidence that the tubeiculosis 
was influenced unfavorably One patient showed an exacerbation soon 
after thyroidectomy, and 1 patient, desperatel} ill with tubeiculous 
pneumonia and presenting a clinical picture of fulminating hypeith}- 
roidism (to be discussed), failed to respond to iodine In neither case, 
however, could iodine be blamed with certainty, as several othei f actoi s 
^^ele involved 


Table S — Snmmaiy of Data m Tables 3 and 4 


Males 

Females 

rolloi\ up period 

Treatment of hyi>erthyroidism 
Irradiation 

One stage thyroidectomy 
Two stage thyroidectomy 
Lobectomy or adenectomy 
Bipolar ligation 

Effect of iodine on hyperthyroidism 
Favorable 
Questionable 
^one 

Immediate postoperative course 
Normal 

Unexplained fever 

Exacerbation of tuberculosis 

Acute nontuberculous infection of respiratory tract 

Course of tuberculosis after treatment of-hvperthjroidism 
No change 
Healed 
Improved 
Worse 
Died 

Unknown 

Effect of treatment on hyperthyroidism 
Cured 
Improved 
Unlmp^o^ ed 


Number of Patients 


Active 

Tuberculosis 

0 

10 

1 to 87 mo 


2 

4 

3 

1 


2 

1 


5 

2 

i 


3 

2 

1 

3 

1 


3 

6 

1 


Inactive 

Tuberculosis 

4 

4 to 100 mo 


2 

5 

2 

3 

1 


10 

1 


8 

2 

1 


1 

4 

2 

2 

3 

1 


10 

3 


Except for somewhat piolonged febrile periods in 4 cases 1 case 
of acute nontubei culous infection of the respiiatoi}'^ tiact and 1 case of 
acute exacerbation of tuberculosis, the 19 patients opeiated on had an 
immediate postoperative course ivhich tvas uneventful 

We wish to call attention to 3 patients, all ivitli actne pulmonaiy 
lesions who showed the clinical phenomena of hypei th} roidism but 
whose thyroid glands did not shoAv the histologic pictuie eithei of 
th}iotoxicosis or of iodine response Twm showed “colloid adenomas” 
(possibly aieas of cyclic hypermvolution containing excess colloid) 
One of these patients had a normal basal metabolic late but m all other 
lespects appealed chnicall} th3iotoxic, she showed improvement, with 
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a gam of 11 pounds (5 Kg ) four months after operation, but subse- 
quently died of tuberculosis The other patient had a basal metabolic 
rate of -[- 39 per cent , hei thyrotoxic symptoms were improved seven 
and one-fouith years aftei operation, but the tubeiculosis had progressed 
somewhat 

The thud patient was a woman of 30 who had lost weight and had 
shown signs of nervousness for two or three years A cough had been 
present for a month She showed exophthalmos, goiter, auiicular 
fibi illation, treinoi and vasomotor changes, and the basal metabolic rate 
was -)- 74 per cent Soon after she was hospitalized there developed 
consolidation of the lower lobe of the left lung and comQidentally 
glycosuiia and hypei glycemia The sputum contained large numbeis 
of tubercle bacilli The pulmonary process spread rapidly throughout 
the entile left lung The thyrotoxic symptoms did not respond to 
iodine 01 small doses of roentgen rays, and she died one month aftei 
admission to the hospital Necropsy showed tubeiculous pneumonia 
involving the entiie left lung The thyroid gland showed no histologic 
evidence of toxic hyperplasia or iodine response, the appeal ance w^as 
that of a colloid goitei with fibrosis 

These cases lend some support to the possibility that the clinical 
picture of hypei thyioidism ma)' be produced by the action of the tubei- 
culotoxm in stimulating the thyroid gland without producing the 
stiuctuial changes characteristic of toxic goitei 

Our experience suggests that the coexistence of hyperthyroidism 
and pulmonary tuberculosis is commoner than has generally been 
believed, at least m a metropolitan population (all our patients lived in 
or neai Philadelphia) We could not obtain clear evidence from oui 
patients’ histones as to w^hich of the diseases tended to appear fiist, 
although tuberculosis was not suspected m 15 of the 23 cases when 
the patient w^as first referred for treatment of hypei thyroidism The 
progress of our patients definitely suggests that the relief of hypei - 
thyroidism did not influence favorably the prognosis of the pulmonary 
lesion Conversely, the presence of active tuberculosis seemed to iippaii 
slightly the prospect foi complete cuie of coexistent hypei thyroidism 
(table 5) 

SUMMARY 

The more impoitant hteiature relating to Aaiious aspects of the 
1 elation betw^een the thyioid gland and tuberculosis has been briefly 
reviewed 

The clinical incidence of pulmonary tuberculosis in hyperthyroidism 
and of hyperthyroidism in pulmonaiy tuberculosis at the Hospital of 
the University of Pennsylvania ovei a period of sixty-eight months is 
1 eported 



ROSE-HOPKINS— HYPERTHYROIDISM AND TUBERCULOSIS 645 


The changes observed in the thyroid gland at neciopsy on 108 
persons with pulmonary tuberculosis and the incidence of tuberculosis 
at necrops)'^ on 18 thyrotoxic patients are lepoited 

The significant data relating to 23 patients with associated hyper- 
thyroidism and pulmonary tuberculosis are piesented and discussed 

CONCLUSIONS 

Our series of cases is too small to wan ant an}- geneiahzations, but 
oui experience suggests the following conclusions 

The administration of iodine to thyrotoxic patients with pulmonary 
tuberculosis does not tend to precipitate any immediate exacerbation or 
extension of the tuberculosis 

An operation on the thyroid gland is usually well toleiated by patients 
with pulmonary tuberculosis 

The coexistence of pulmonaiy tuberculosis does not impair mate- 
iially the prospect for the successful treatment (irradiation oi operation) 
of hyperthyroidism 

The relief of hypeithyroidism does not seem to influence favorably 
the prognosis for patients with associated active pulmonary tuberculosis 

The clinical picture of hyperthyroidism, without charactei istic struc- 
tural changes in the thyioid gland, may occur m patients with active 
pulmonary tuberculosis 

Dr E B Krumbhaar, of the Department of Pathologj, the University of 
PennsyKania School of Medicine, gave us permission to review the necropsy 
records Dr Thomas Fitz-Hugh Jr gave us permission to include 1 of his private 
patients m our series 



PROLONGED MENINGOCOCCEMIA 


REPORT or THREE CASES 

ARTURO CARBONELL, MD 
Lieutenant Colonel, Medical Corps, United States Army 

AND 

EUGENE P CAMPBELL, AID 
First Lieutenant, Aledical Corps Reserve, United States Army 
WASHINGTON, D C 

The lecognition of meningococcic septicemia is an achievement of 
the twentieth century Although the causative organism of meningitis 
was recognized and desciibed by Weichselbaum in 1887, it was not until 
Gwyn’s ^ leport in 1899 that the meningococcus was demonstiated in the 
blood Since the beginning of this century the American literature has 
contained many reports of extiameningeal types of meningococcic infec- 
tion, but there have been i datively few leports of piolonged meningo- 
coccemia 

In the early pait of this century it was believed by many that 
meningococcic septicemia if it occurs at all only follows an attack of 
meningitis and that the eruption so frequently seen in cases of meningitis 
IS caused by a circulating toxin Expeiience duiing and since the World 
War has led to acceptance of the belief so ably set foith by W W 
Herrick - in 1919 He divided meningococcic sepsis into thiee stages 
The first stage is one of local infection of the uppei lespiiatoiy passages, 
lasting two days to six weeks The second is one of general invasion of 
the blood stieain, usually lasting foity-eight houis Finally, theie is the 
stage of metastatic localization of the organisms in the meninges oi othei 
oigans as the third and last stage 

It has now become a well established fact that an infection caused by 
the meningococcus may leach the second stage and go no faithei, and, 
indeed, there are now enough examples to demonstiate that piolonged 
meningococcic infection of the blood is a definite disease entity The 
time-honoied tendency to associate all meningococcic infections with 
“epidemic ceiebrospinal meningitis” has natuially obscuied this gioup 

From the Medical Service of the Walter Reed General Hospital 

1 Gwyn, N B A Case of General Infection by the Diplococcus Intracellu- 
laris Weichselbaum, Bull Johns Hopkins Hosp 10 112-113 (June) 1899 

2 Herrick, W W Extrameningeal Meningococcus Infections, Arch Int 
Aled 23 409-418 (April) 1919 
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of exti ameningeal infections It is therefore uiged that this term be 
abandoned in favor of the more genencally coiiect teim menmgococcic 
meningitis 

The fill St case of prolonged meningococcemia was lepoited b\ 
Solomon/ in Geimany, in 1902 The following summaiy w'as taken 
from the discussions by Bovaird ^ and Bray ° This patient, a wmman 
of 32 yeais, suffered for two months with intermittent chills, fe^el, lash, 
myalgia and aithralgia Culture of the blood yielded meningococci, and 
it w'as not until twm months after the onset that meningitis supenened 
She recovered after an illness of foui months 

REPORT OF CASES 

Case 1 — T M , a private, stationed at Fort Mason, Calif , was admitted to the 
Letterman Hospital on June 2, 1929, with the complaint of sudden onset of chills, 
vertigo, headache and pain in the abdomen He had a temperature of 103 F 
Examination revealed a scanty macular rash over the abdomen and extremities and 
moderate leukocytosis Six days after his admission to the hospital culture of the 
blood yielded meningococci From June 12 to 23 a total of 500 cc of antimen- 
ingococcus serum was given intravenously in ten injections of 50 cc each, but the 
patient’s condition remained essentially unchanged and the fever persisted, being of 
an intermittent septic type Thirty-three days after the onset, the patient suf- 
fered from intense headache, nausea and vomiting He had definite signs of 
meningitis, and the spinal fluid contained 6,000 white blood cells, with 80 per cent 
polymorphonuclears An additional 130 cc of antimemngococcus serum was given 
intrathecally, and the patient made a complete recovery 

Case 2 — E H P , a private, stationed at Fort Howard, Md , suddenly became 
ill on May 3, 1936, with recurring attacks of chills and fever He was admitted 
to the station hospital on May 10 For six weeks he had an intermittent fevei 
(the temperature ranging from normal to 103 and 104 F ) which recurred every 
three or four days During this time he noted frequent severe attacks of arthralgia 
and occasionallj’- “spots” on his legs, but between the paroxysms of fever he was 
free from symptoms Forty-three days after the onset of the illness, during one 
of the paroxyms of fever, he experienced an intense headache and became ver}’^ ill 
He w'as admitted to the Walter Reed Hospital on the same day, and it was imme- 
diatel}' decided that he had meningitis Lumbar puncture revealed cloudy fluid, a 
high leukocyte count and intracellular germ-negative diplococci on a smear He 
was gnen 100 cc of antimemngococcus serum intravenously and 240 cc intra- 
spinallj He made a complete rcco\ery after an illness of seven weeks 

Case 3 — AI W T, a captain aged 33, was admitted to the Walter Reed Hos- 
pital on April 2, 1936, the diagnosis which was made before transfer being acute 
rheumatic fever The past histor}' was noncontributory except for the fact that one 
month piior to his admission to the hospital his left thumb had been bitten bj his 

3 Soloman, H Ueber Meningokokkenseptikamie, Klin Wchnscbr 39 1045, 

1902 

4 Bo\aird, David, Jr Meningococcus Septicemia w'lth Sterile Cerebrospinal 
Fluid Iridocyclitis, Flexner’s Serum, Reco\er 3 , Arch Int Med 3 267-278 
(April) 1909 

5 Bray, H A Chronic kleningococcus Septicemia Associated with Pul- 
monan Tuberculosis, Arch Int Med 16 487-502 (Sept ) 1915 
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small dog This lesion became infected and suppurated, but no swelling of 
the regional lymph nodes or general S 3 'stemic reaction was noted 

Present Illness — Twelve days prior to admission to the hospital the patient did 
not feel well The following daj'^ he noted the onset of generalized aches and 
pains, Avith slight headache and sore throat These symptoms subsided for three 
daj's, onl}" to reappear and persist for seven days prior to his admission to the 

hospital During the recrudescence the temperature rose to 103 or 104 F once a 

da}’^, and he had severe pains in the elbows, knees, shins, calves and ankles A rash 
appeared which consisted of shghtl}^ swollen areas on the arms, chest and legs 
Physical Examination — The patient was brought into the hospital on a litter 
The temperature was 100 F , the pulse rate 100 and the respiratory rate 26 There 
was a generalized erythematous maculopapular rash over the arms, chest and legs 
The lesions ranged from the size of a pinpoint to 1 or 1 5 cm in diameter A few 

of them had jellow raised centers On the dorsum of the left thumb w'as an 



exfoliating lesion about 3 cm m diameter which was not suppurating There w'as 
no general glandular enlargement, and the circulatory system w'as normal The 
blood pressure was 120 systolic and 80 diastolic No cardiac murmurs were noted 
The lungs were clear to percussion and auscultation The abdomen was flat and 
soft, and the spleen w'as not palpable Neurologic examination re%ealed no abnor- 
mality 

Laboiatoiy Data — The blood alwa^s showed a normal red cell count The 
w’hite cell count ranged from 10,000 to 21,000 The Wassermann and Kahn reac- 
tions were negative Roentgenograms of the chest, wnth cardiac measurements 
were normal Cultures of the blood made before Ma\ 8 w'ere sterile, and repeated 
agglutination for the typhoid, paratyphoid, brucella, pasteurella and proteus groups 
gave negative results Six intensive examinations of the blood re^ealed no 
malarial organisms The possibility of relapsing fever or rat-bite fever was ruled 
out on the basis of animal inoculation On Mav 5 the blood serum w'as found to 
agglutinate type II meningoccoci in a titer of 1 160 On Mav 8 blood collected b^ 
Col Arthur P Hitchins of the Armj’’ Medical School, and planted on Kracke’s 
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culture medium of buffered tissue fluid ® yielded the meningococcus One subse- 
quent culture of the blood was also iiositive for type II meningococcus 

Qqji, se — During the first seven weeks of his illness the course was characterized 
by paroxysms of fever, occurring every third or fourth daj, accompanied with 
marked prostration, myalgia, arthralgia, headache and rash The seventj of these 
attacks gradually increased, and occasionally the temperature reached 104 or 
105 F It was during this stage that several diagnoses were considered, including 
those of acute rheumatic fever, endocarditis due to Streptococcus vindans, malaria, 
undulant fever, rat-bite fever and finally memngococcemia 

On the fifty-fourth day of the illness it was learned that the patient had had 
injections of therapeutic horse serum on two previous occasions He was found 
to be moderately sensitive, but, despite this, it was thought advisable to administer 
serum A total of 190 cc of a polyvalent antimenmgococcus serum was given 
parenterally in divided doses After severe serum sickness, the patient recov- 
ered without complications or sequelae The duration of his illness was seventy 
days 

COMMENT 

From the reports of thirty-three cases collected from the Ameiican 
hteratme the average age was found to be 27 7 years, with extremes of 
8 5 and 48 years T went} -three cases occuired in males 


Incidence of Vaiwus Signs and Symptoms m TIuity-TIiiee Cases of 

Memngococcemia 



Cases 


Cases 

Rash 

30 

Sweating 

11 

Intermittent fever 

26 

Vomiting 

6 

Arthralgia 

23 

Sore throat 

5 

Chills 

21 

Epistavis 

2 

Headache 

17 

Herpes 

2 

Myalgia 

12 

Bronchitis 

2 


It was noted that the onset in the majority of these cases was 
described as sudden — within one oi two days — and tvas characterized by 
headache, chills, fever, rash and aches and pains in the muscles and 
joints Occasionally bronchitis, tonsillitis and pharyngitis were noticed 
One case reported by Morgan^ shortly followed the extraction of a 
tooth Though one might expect to find sinusitis as a common symptom, 
definite sinal infection was demonstrated in only one case in this series 

The pains in the joints and muscles were such prominent features 
that the usual initial diagnosis was acute rheumatic fever During the 
first week, howevei, it was commonly noted that the patients exhibited 
an intermittent type of fever, similar in many respects to either tertian 
01 quartan malarial feier (chart) It was frequently so suggestive that 

6 Simmons, T S Laboratorv Methods of the United States Armi Phila- 
delphia, Lea & Febiger 1935 

7 Morgan, Hugh J Chronic Meningococcus Septicemia Bull Tohns Hop- 
kins Hosp 32 245-254 (Aug ) 1921 
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aftei a couise of salicylates, quinine was often given in the face of an 
inability to demonstiate plasmodia in the blood This likeness to the 
paludal types of feA'^er has been especiall}^ commented on by Rolleston,® 
Dock,® Vesell and Baisky and Bloedoin 

The rash, recorded in thirty cases, consisted of multifoim eijdhem- 
atous lesions, langing from the size of a pinhead to 1 5 to 2 cm in 
diameter Occasionally, white laised centeis weie noted, but the most 
characteiistic lesions were small pink papules Avith red centeis, usually 
located on the aims, legs and chest These lesions tended to come in 
crops just before or just aftei the fastigium of the paroxysm of fevei 
Good repioductions of these lesions can be found in the articles b} 
Richtei,^- Hariison and Abernethy and Brown 

Ceitain other featuies of this type of septicemia desene comment 
The piogressive secondary anemia that is so characteristic of othei t}pes 
of septicemia was i ai ely found Sevei e cachexia was not the rule Indeed, 
the patient often waited weeks befoie seeking medical aid because 
of the feeling of Avell-bemg between the paroxysms Enlaigement 
of the spleen, clubbing of the fingeis, pallor of the skin, peiisplenitis 
and hematuria, so charactei istically found m the type of endo- 
carditis due to Sti viiidans, weie infrequently encounteied in meningo- 
coccemia Jaundice was consistently not mentioned in the case lepoits 
of this disease In our cases there was no dispioportion between the 
tempeiature and the pulse late The average duration of the disease vas 
elcA'^en and nine-tenths weeks, with extremes of five and thirty-tv o weeks 
Theie were thiee deaths in the thirty-three cases in this series, making 
a moitahty of 9 1 per cent Tavo of the patients died aftei the onset of 
meningitis^® The thud case, though permission for necropsy Avas not 
granted, Avas probably complicated by endocaiditis A fouith patient 
died of nephritis five months aftei recovery fiom meningococcemia 

8 Rolleston, Humphry Lumleian Lectures on Cerebrospinal Fever, Lancet 
1 541-549 (April 5) 1919 

9 Dock, William Intermittent Fe\er of Seven Months’ Duration Due to 
Meningococcemia, J A M A 83 31-33 (July 5) 1924 

10 Vesell, Harry, and Barsky, Joseph Chronic Meningococcus Septicemia 
Am J M Sc 179 589-599 (May) 1930 

11 Bloedorn, W A Meningococcus Septicemia, Am J M Sc 162 881-891 
(Dec) 1921 

12 Richter, Arthur B Meningococcemia Repoit of Two Cases with Recover), 
JAMA 102 2012-2015 (June 16) 1934 

13 Harrison, F F , and Aberneth) , T J Chronic Meningococcemia, Clm 
Misc , Mary I Bassett Hosp 1 3-15, 1934 

14 Brown, C L The Skin Lesions in Meningococcus Septicemia, Am J 
Dis Child 27 598-602 (June) 1937 

15 Dock® Vesell and Barskv 

16 Hennell, Herman, and Wiener Herbeit J Report of a Case of Chionic 
Meningococcemia Af T & Rec 131 292-295 (March 19) 1930 
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Much attention has been focused on the heart, and several cases of 
systolic murmurs weie leported,^' a few cases m association with caidiac 
enlargement Whether these findings are signs of real endocaiditis or 
the effects of fever and toxemia cannot be settled heie, though it should 
be pointed out that m the cases of meningococcic sepsis m uhich there 
are signs of congestive failure and cardiac mcompetency, the moitahty 
IS high and m these cases definite vegetative endocarditis is always 
demonsti ated at necropsy The leader is urged to refer to the illustrated 
articles by Rhoads,^” Bancker,^° Gwyn and Hyland foi fuithei 
study of this phase of the subject The dividing line between piolonged 
menmgococcemia and meningococcic endocaiditis is not an easy one to 
diaw, and an ovei lapping of the cases cannot be avoided Theie have 
been, however, as many as fouiteen cases m which the clinical picture 
vas primarily one of cardiac failure and m which the chaiactenstic 
symptoms of prolonged septicemia were absent Foi example, Cecil 
and Soper reported a case m hich the prolonged intermittent chai - 
acter of menmgococcemia was absent There \\as no lash until shoitly 
befoie death, and the fever was of the high sustained type The dura- 
tion of illness in this case was twenty-four days, and at necropsy definite 
endocarditis was demonstrated Wai field-'* repoited the case of a 32 
5 ^eai old Negro who had been sick for one week befoie coming to the 
hospital The initial symptoms consisted of headache, chills, cough and 
delirium A palpable precordial thrill, a systolic muimui and an inegular 
pulse were noted when he was admitted There was no lash oi meningi- 
tis After an illness of five weeks he died, and the necropsy showed 
^ egetative endocarditis A case of this type is primarily endocai ditis and 
should not be included m a series of cases of prolonged menmgococcemia 

17 (a) Clark, Fred B Chronic Menmgococcemia, California &. West Med 

34 361-364 (Ma}') 1931 {b) Master Arthur M Aleningococcemia with Endo- 
carditis, JAMA 96 164-166 (Jan 17) 1931 (c) Bray = Dock'’ Hennell 

and Wiener 

18 Hennell and W lener Master 

19 Rhoads, C P Vegetative Endocarditis Due to the Meningococcus, Am J 
Path 3 623-629 (Nov) 1927 

20 Bancker, Evert A Meningococcus Endocarditis, J Al A, Georgia 19 480- 
485 (Nov) 1930 

21 Gwyn, N B Subacute IMeningococcal Endocarditis, Arch Int Med 48 
1110-1117 (Dec) 1931 

22 Hyland, C M ileningococcus Endocarditis, J A M A 92 1412 (April 
27) 1929 

23 Cecil, Russell L , and Soper, Willard B Meningococcus Endocarditis, w itii 
Septicemia, Arch Int Aled 8 1-16 (July) 1911 

24 Warfield Louis Acute Ulcerative Endocarditis Caused bj the Menin- 
gococcus (Weichselbaum), Univ Pennsvhania M Bull 16 180-182 (Julv-Auel 
1903 
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Theie have been, hovevei, at least foui cases of prolonged ineningo- 
coccemia in winch there was evidence stiongly suggesting the complica- 
tion of acute endocarditis The first case, reported by Hennell and 
Wienei,^® was that of a man of 40 who gave a histoi}' of four weeks of 
inteimittent attacks of chills, fevei, sweats and rash, with the feeling 
of well-being between attacks Dining the fourth week the rash, chills 
and sweats disappeared, and he became weak and was confined to bed 
Fiom then until death occuried the temperature remained continuously 
high Theie weie undoubted signs of endocaiditis of the aoitic and 
mitial valves, and even though permission for neciopsy was not gi anted 
It can be considered that this was a case of prolonged meningococcemia 
complicated by acute endocarditis Master reported three cases in 
which there was presumptive evidence of acute endocarditis complicat- 
ing prolonged meningococcemia In these thiee cases recovei}'^ occuried 
aftei thoiough treatment with serum Consequently, absolute proof is 
lacking, but the data seive to emphasize the fact that theie are a small 
group of bordeihne cases that reveal the relation of simple prolonged 
meningococcemia to endocarditis They beai the same relation to each 
other that pi olonged meningococcemia beai s to memngococcic meningitis 

Headache was leported in seventeen of the cases and vomiting in six 
of the cases as the only symptom referable to the cential nenmus system 
that occuried prior to the onset of meningitis When meningitis supei- 
vened it was always heralded by signs of seveie meningeal irritation and 
increased intracranial pressure Nineteen of the patients (57 5 pei 
cent) of this senes did not have meningitis In fouiteen patients (42 5 
per cent) meningitis developed, in thiee patients meningitis dei eloped 
before the pi olonged septicemia set in in ten it developed late in the 
course of the septicemia and in one case theie weie two sepaiate 
attacks Hemiplegia was a complication in Conklin’s case 

Anemia was not a prominent featuie except in the thiee cases com- 
plicated by nephiitis and the one complicated bv Banti’s splenic anemia 
A leukocyte count ranging fiom 10 000 to 20 000 with an inciease of 
polymorphonucleai s was the usual finding though in the one case of 

25 (fr) Maxcv Kenneth F Observations on the Presence of Meninuococcus 

in the Blood T Infect Dis 23 470-474 1918 (’M Seelev Sam F Meninsrococcic 

Septicemia Mil Surgeon 71 309-113 (Oct) 1932 (r) Lemann I I, and Teaslei 

H E Meningococcemia for Eight Months Following Meningitis Reco\er\ 
New Orleans M & S T 83 448-453 (Jan ) 1931 

26 Graves, W R , Dulane}’- Anna Dean and Mickelson I D Chronic 
Meningococcemia J A M A 92 1923-1925 (Tune 8) 1929 

27 Conklin, Coursen B Meningococcemia, M Ann District of Columbia 4 
313-315 (Dec) 1935 

28 Binns, James F , and Fothergill, Leroy D Chronic Meningococcus Septi- 
cemia, New England T Med 205 536-539 (Sept 10) 1931 
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Banti’s disease leukopenia was present It is inteiesting to note that 
after this patient recovered from the meningococcemia, splenectomy was 
accomplished, with consequent impiovement of the patient 

The most impoitant single factor m the diagnosis of meningococ- 
cemia IS to have the disease in mind In a few cases the condition was 
diagnosed within the first few days, but in the majority of cases thiee 
to five weeks elapsed before a diagnosis was made It does not need 
to be emphasized that cultuie of the blood is the most useful of all 
laboiatoiy piocedures in making a diagnosis, but it must be stressed 
that the usual beef bioth and agai are poor mediums in which to glow 
the meningococcus fiom the blood In oidei to insure piompt growth 
the medium should be especially enriched with ascitic fluid oi blood 
serum Negative lesults of culture, even with eniiched mediums, do not 
exclude meningococcemia, because several cases have been lepoited in 
which especially eniiched mediums weie used and positive lesults were 
not obtained until aftei the fifteenth day In case 3 of oui series the 
first positive evidence of meningococcemia was obtained from blood 
agglutination against stock meningococci This piocedure should be 
earned out whenever feasible as it may prove to give valuable con- 
firmative evidence After the organism has been recovered from the 
blood It should be differentiated fiom the gonococcus by the sugar 
fei mentation test and then agglutinated by the different commercial 
polyvalent antimeningococcus seiums in various dilutions in order to 
determine the best serum to use in treatment Accoiding to Herrick,- 
the commercial serum should agglutinate in dilutions of 1 50 or gieatei 
if it IS to be effective at all Moie attention should be paid to the diffei- 
entiation of the various types of meningococci obtainable fiom patients 
with meningococcic infections because it is not unreasonable to suppose 
that the same situation is present here as obtains in the field of pneumo- 
coccic infections 

The most effective tieatment of this disease is the use of the pioper 
antimeningococcus serum It is woithy of note that thiity of the thirty- 
three patient in this series i eceived antimeningococcic serum , one of the 
thiee vho did not receive seium died Seveie anaphylactic reactions 
were lepoited in three cases®’- The majority of the authors repoited 
prompt impiovement aftei the use of a potent serum Pool results can 
usually be accounted for by impotent seium or seium with too low an 
agglutination titei for the causative oiganism Type II and type IV 

29 Beaslack, F W, and others Cultnation of the Meningococcus Intracellu- 
lans (Weichselbaum) from the Blood, J A M A 70 684-686 (klarch 9) 1918 

30 Morgan " Dock ® 

31 Marlow, F W Meningococcemia Report of Case with Recoierj, 
J A M A 92 619-621 (Feb 23) 1929 Maxcj Seelei 



654 


ARCHIVES OF INTERNAL MEDICINE 


meningococci are organisms with a relatively low viiulence, m contrast 
to type I and type III meningococci, and usually cause prolonged and 
chronic infection The various commercial serums are made to be espe- 
cially effective m meningococcic infection caused by the moie virulent 
types, and they vary gieatly in then potency for the less virulent types 
It is therefore of prime importance that care be exercised in selecting the 
serum to be used The amount of seium necessaiy to bring about a cure 
vanes markedly fiom case to case, but assuming that a potent seium is 
being used, quantities from 30 to 500 cc have been found effective In 
case serum proves to be ineffectual, antitoxin should be tried Vaccine 
has been employed in a few cases but without striking results Immuno- 
transfusion seems to be a rational form of theiapy, but, again, results 
are not so gratif)ung as one would expect Abscess fixation, nonspecific 
protein and numerous intravenous antiseptics have all been employed 
but with only a small measure of success The recently introduced 
chemotherapeutic agent sulfanilamide (para-aminobenzenesulfonamide) 
may prove to be very useful in the treatment of meningococcemia It 
should be employed in combination with a potent seium, because there 
IS evidence to support the view that this diug is more effective against 
certain strains of meningococci than others 

SUMMARY 

Three cases of prolonged meningococcemia are reported the third 
being described in detail 

Reports of thiity additional cases collected from the Ameiican liteia- 
tuie are analyzed and discussed 

Prolonged meningococcemia is a raie disease but should be kept m 
mind in making a diagnosis in all cases of septicemia in which the essen- 
ital features are long-standing inteimittent fevei cutaneous lash, 
arthralgia, myalgia, headache and the maintenance of a fair state of 
health 

An attempt should always be made to diffeientiate between piolonged 
meningococcemia and meningococcic endocaiditis because of the differ- 
ence m the prognosis in the two conditions 

The most effective form of treatment is found in the use of the 
propel antimeningococcus serum in conjunction wnth sulfanilamide 

32 Edmundson, Frank Meningococcemia Without Meningeal Symptoms, 
Hahneman Monthly 67 106-109 (Feb ) 1932 

33 Neergaard, Arthur E Meningococcus Bacteremia, M Clin North 
A.merica 9 461-469 (Sept ) 1925 

34 Branham, Sara E, and Rosenthal, Sanford M Sulfanilamide, Serum, 
and Combined Drug and Serum Therapy in Experimental Meningococcus and 
Pneumococcus Infections in Mice, Pub Health Rep 52 685-695 (Mav 28) 1937 



Progress in Internal Medicine 


LIVER AND BILIARY TRACT 

A REVIEW FOR 1937 

CARL H GREENE, MD, PhD 
MILTON PLOTZ, MD 
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S A LOCALIO. MD 

NEW YORK 

Pievious lewevs of the hteiatuie dealing with diseases of the liver 
and biliaiy tiact ^ have made no special reference to textbooks and mono- 
graphs dealing with the geneial subject of disease of the livei At 
present this policy is abandoned to leport the appearance during 1937 
of the new textbook on hepatic disease by Eppinger ^ The book has 
been divided into two sections — general and special patholog}, and the 
subject has been discussed in tiuly encyclopedic fashion For the 
greater part the views expiessed aie those geneially curient, though 
these have been piesented in the light of the author’s personal expeiience 
in both the experimental laboratoiy and the medical clinic This point 
of view has stressed the work of the Geiman laboratories, but other 
impoitant contributions have not been overlooked This volume of 800 
pages therefoie will take its place as one of the standard lefeience 
books foi advanced students in this field of medicine Its cost, unfoi- 
tunately, will prevent its wider use m this country 

No attempt will be made to review the book in detail oi to discuss 
various conti ovei sial points When the greater f requeue)'’ of diseases 
of the gallbladder and bile ducts lelative to that of hepatic disease is 

From the Clinic for the Study of Diseases of the Liver and Biliary Tract of 
the Department ot Medicine and the Department of Surgery. New York Post- 
Graduate Medical School and Hospital, and the Long Island College Division 
of the Kings County Hospital, Brookl}m 

1 Greene, C H , Bercovitz, Z, and Hanssen, E C Liver and Biliary Tract 
Review of the Literature of 1933 and 1934, Arch Int Med 55 681 (April) 1935 
Greene, C H Liver and Biliary Tract A Review of Certain Recent Contribu- 
tions, ibid 57 1039 (May) 1936 Greene, C H , Handelsman, M B, and BabeJ^ 
A AI Liver and Biliar}’^ Tract A Review for 1936, ibid 59 724 (April) 1937 

2 Eppinger, H Die Leberkrankheiten Allgemeine und spezielle Pathologie 
und Therapie der Leber, Vienna, Julius Springer, 1937 
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consideied, it is peihaps unfoitunate that the foimei diseases were not 
given a proportionate emphasis Some of this vas unavoidable, foi 
while the book was published m 1937, the mechanical aspects of book 
making consume much time No refeiences to the Ameiican literatuie 
latei than 1934 weie noted, and as pointed out m these leviews man}' 
impoitant contributions have been lepoited in the past four }eais 

PIGMENT METABOLISM IN RELATION TO J VUNDICE AND 

HEPATIC DISEASE 

Biluuhin — ^Jaundice of itself is evidence of distuibance in the foi- 
mation oi in the excietion of bile The \alue of the deteimination of 
the bile pigment content of the blood seium (1) in leveahng the pies- 
ence of latent icteius, (2) as an index of the degiee of letention of 
pigment and (3) as a measuie of the changes during the couise of 
the disease has been thoioughl} demonstiated \'’’aiious methods haAe 
been used for this stud} of the pigment m the seium, the simplest and 
most populai being the ictei us index and the quantitative ^ an den Bergh 
reaction 

It IS generally accepted that biliiubni is foimed b} the decomposi- 
tion of hemoglobin This destiuction of blood pigment takes place 
piimarily in the cells of the i eticuloendothehal system lathei than in 
the parenchymal cells of the hvei The Kupflei cells of the livei , which 
aie pait of the i eticuloendothehal S}stem, thus take part in the foima- 
tion of bile pigment, but consideiable quantities of bilirubin aie foimed 
in the spleen and bone maiiow as well It has been argued that the 
liver acts as an excretOM oigan with respect to bilirubin, just as the 
kidney does with respect to urea This analog} ma}' not be entiiely 
accuiate, for the bile pigment appaiently is modified slightly dm mg 
the process of excietion The pigment uhich is noimally present in 
the blood serum in small amount gives an mdiiect van den Bergh 
leaction After the biliiubin has passed thiough the hepatic cells and 
entered the bile, the van den Bergh reaction becomes dnect Theie 
has been a gieat deal of controveisy legaiding the leason foi this 
change in the charactei of the bilirubin Some investigators insist 
that there ai e distinct chemical difterences, and Hai i ison ^ suggested 
the use of the teims hemobihiubin and cholebihiubm to designate the 
two types of pigment Regaidless of the final explanation of the tuo 
types of van den Beigh leaction, the finding of an indiiect leaction in 
the presence of clinical jaundice empincall} but conclusively demon- 
strates that the jaundice is hemolytic in oiigin The so-called delayed 

3 Harrison, G A Chemical Methods in Clinical Medicine Their Applica- 
tion and Interpretation, with the Technique of the Simple Tests London J & A. 
Churchill, 1930 
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and diphasic types of reaction appaientl} are quantitative modifications 
of the direct reaction and are valueless foi the difterentiation of hepa- 
togenous from obstructive types of jaundice 

Hemobihrubin is present in noimal blood seium and is inci eased m 
amount m cases of hemolytic jaundice It gives the indirect van den 
Bergh leaction and is readily extracted by chloroform The chole- 
bihrubin present m bile and in the blood serum m cases of hepatic 
01 of obstructive jaundice gives the diiect van den Bergh leaction and 
IS not extracted by chloroform Hemobihrubin has been described as 
bound b} protein and therefore nondialyzable, m contiast to chole- 
bihrubm, which is free and dialyzable We have not found this to be 
a satisfactoiy method of separation of the two fractions, and similar 
results have been reported by Gregory and Andersch^ The diffeiences 
in solubility m chloioform permit an appaient separation of the two 
types of pigment m the serum Varela and Escuhes,® Kerppola,® and 
Bengolea, Velasco-Suarez and Raices " have reported quantitative 
studies of the two types of bihiubin m the blood of jaundiced patients 
In jaundice there nia} be an increase in the amount of both the water- 
soluble and the chloroform-soluble bilirubin in the serum, but the 
relative pioportion of the two is not constant, they seem to vaiy 
independently (fig 1 ) 

If further studies substantiate the separate identity of the two 
foims of bilirubin and the validity of this method of separation, it may 
then be possible to assay the relative importance of the two factors, 
that IS, icterus by retention and icterus by resorption which aie the 
basis of the classification of jaundice proposed by Rich ® The results 
indicate that m most cases of jaundice the hemobihrubin fraction is 
increased with the appeal ance of cholebihrubm m the serum and so 
suggest that hemolytic processes play a larger role m the pathogenesis 
of jaundice than is usually accepted 

4 Gregor}^ R L , and Andersch, M The Filterability of Bilirubin in 
Obstructive Jaundice, J Lab & Clin Med 22 1111, 1937 

5 Varela, B , and Esculies, J Nouvelle methode pour la separation et le 
dosage des deux bilirubines (directes et indirectes) du serum sanguin, Compt rend 
Soc de biol 107 884, 1931 Varela, B , Recorte, P, and Esculies, J Methode 
simplifiee pour la separation et le dosage isole des deux bilirubines, directe et 
indirecte, du serum sanguin dans les icteres, ibid 108 1009, 1931 

6 Kerppola, W Extraction Method for the Quantitative Determination of 
Bilirubin in Different Body-Fluids, Acta med Scandinav , 1932, supp 50, pp 
277-280 

7 Bengolea, A J , Velasco-Suarez, C, and Raices, A E El dosaje de la 
bihrubina directa et indirecta en el suero sangumeo Su impoitancia en cirurgia 
hepato bilar, Prensa med argent 23 85, 1936 

8 Rich A R The Pathogenesis of the Forms of Jaundice, Bull Johns Hop- 
kins Hosp 47 338 1930 
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Uiohihn and Ih ohdmogcn — ^The eaily investigations of Friediich 
von Mullei first established the importance of uiobihnuna as evidence 
of a distuibance in hepatic function The clinical value of qualitative 
or seniiquantitative tests for uiobihn as urobilinogen in the urine 
and stools has been summarized in such lepoits as those of Wilbur 
and Addis Wallace and Diamond, “ White and Eppinger,^^ and 



I I /yfmo^>t/ira6tn 

yofi 


CAoAcSe/truAi/i 
direct yoa e/enCB’f'yA 


Fig 1 — The distribution of the two tjpes of bilirubin in the serum in an 
illustratne series of cases of jaundice (autliors’ data) 


9 von Muller, F Ueber Ikterus, Jahresb d schles Gesellsch f vaterl Kult 
70 i, 1893 

10 Wilbur, R L , and Addis, T Urobilin Its Clinical Significance, Arch 
Int Med 13 235 (Feb ) 1914 


(Footnotes continued on next page) 
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many otheiwise conti ovei sial questions have been settled b\ the expen- 
mental studies of Elman and McMastei These various studies have 
demonstrated that uiobihnogen noimally is foimed m the intestine b} 
the bacterial decomposition of the bile pigments Some of the 
urobilinogen is absorbed and is earned b} the poital blood stream to 
the liver A portion possibly ma) be used m the synthesis of hemo- 
globin, but the niajoi part is excieted m the bile If bile is excluded 
from the intestine, eithei because of the piesence of complete biliar) 
obstruction or because of a biliary fistula, the formation of urobilinogen 
ceases, and this pigment disappeais fiom the bile, stool and unne The 
liver normally removes neaily all the uiobihnogen fiom the portal blood, 
and only small amounts escape into the systemic ciiculation to appeal in 
the urine 

The reseive capacity of the liver foi the excietion of uiobihnogen is 
slight, and slight degiees of hepatic injuiy oi damage therefore suffice 
to permit the escape of uiobihnogen into the geneial ciiculation and 
its appeal ance in the mine This accounts for the frequency of uio- 
bihnogenuria in cases of jaundice due to hepatitis oi to stones in which 
the obstruction to the common duct is not complete Positive lesults 
of tests are also the rule in poital ciiihosis m which hepatic damage 
IS present and m which the piesence of collateral venous channels makes 
It possible for urobilinogen to pass fiom the portal to the systemic 
circulation without passing thiough the hvei 

Urobilmogenuria also is piesent in blood dysciasias, such as hemo- 
lytic jaundice or pernicious anemia, and in pneumonia, pulmonary 
infarction, hemorrhage and other conditions m which an increased 
destruction of hemoglobin and the excretion of an inci eased amount 
of pigment m the bile occurs More uiobihnogen is formed in the 
intestine, and the consequent flooding of the liver is assumed to explain 
the urobilmogenuria Whethei all the urobilmogenui la m such cases 
can be explained on this basis or whether an additional element of 

11 Wallace, G B , and Diamond, J S Significance of Urobilinogen in the 
Urine as a Test for Liver Function, Aich Int Med 35 698 (June) 1925 

12 White, F W The Galactose-Tolerance and Urobilinogen Tests in the 
Differential Diagnosis of Painless Jaundice, Tr A Am Plwsicians 50 111, 1935, 
Am J Digest Dis & Nutrition 4 315, 1937 

13 Eppinger, H Die hepato-lienalen Erkrankungen, Berlin, Julius Springer, 
1920 

14 Elman, R , and McMaster, P D Studies on Urobilin Physlolog^ and 
Pathologi I The Quantitative Determination of Urobilin, J Exper Med 41 
503, 1925 , II Derivation of Urobilin , Relation of Bile to the Presence of Urobilin 
in the Body, ibid 41 513, 1925 , III Absorption of Pigments of Biliary Derivation 
from the Intestine, ibid 41 719, 1925, IV Urobilin and the Damaged Lner, ibid 
42 99, 1925, V The Relation Between Urobilin and Conditions Iinohing 
Increased Red Cell Destruction, ibid 42 619, 1925 , VI The Relation of Biliarx 
Infections to the Genesis and Excretion of Urobilin, ibid 43 753, 1926 
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hepatic damage, peihaps produced by the associated anemia, must be 
assumed is still open to question 

In the great majority of cases the presence of urobilmogenui la is 
evidence of the presence of bile m the intestinal tract Even with 
complete biliarj'- obstruction, traces of urobilinogen may be formed from 
bile-stained epithelial cells in the intestine Infection of the biliary 
tract ma) also give rise to a local formation of urobilinogen Such 
cases are infrequent, and these modes of formation of urobilinogen 
are of little clinical significance 

The early investigation of urobilinuiia demonstrated the fluctuations 
observed in the stud}’’ of casual specimens and emphasized the impoi- 
tance of quantitative determinations of the daily excietion m the urine 


The Daily Eicietion of Ih obihnogen m Health and in Disease (Watson) 
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Obstructive Jaundice 
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21 

00 

10-250 

Stones With complications 

20 
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Neoplastic disease 

18 
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05 

Diffuse hepatitis 




Acute catarrhal jaundice 

11 

4 200 
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Diffuse hepatitis with jaundice 

10 
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8 200 

Diffuse hepatitis or cirrhosis with blood destruction 

7 

20 200 

300 1,200 

Diffuse hepatitis or cirrhosis without jaundice 

8 

4 lOO 

50135 

Conffcstivo heart failure with jaundice and ascites 

n 
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Carcinoma of the Iner wathout jaundice 

0 

025 


ramilial or congenital hemolytic jaundice 

10 

1 10 

300 l.SOO 

Acquired hemolytic jaundice 

3 
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and stool Moderatel) satisfactoiy methods foi such stud} were 
devised by Terwen and more recently b} Watson The lattei made 
a comprehensive study of the urobilinogen in the uime and stool both 
of noimal subjects and of patients with disease of the liver and biliary 
tract 

AVatson studied 26 normal subjects and found that the urobilin- 
ogen excreted in the urine varies from 0 to 4 mg per da}’, usually from 

15 Terwen, A J L Ueber ein neues Verfahren zur quantitativen Urobilin- 
Bestimmung im Harn und Stuhl, Deutsches Arch f khn Med 149 72 1925 

16 Watson, C J Studies of Urobilinogen I An Improved Method for 

the Quantitative Estimation of Urobilinogen in Urine and Feces, Am J Clin 
Path 6 458, 1936 

17 Watson, C J Studies of Urobilinogen II Urobilinogen in the Urine 

and Feces of Subjects Without Evidence of Disease of the Liver or Biliary Tract, 
Arch Int Med 59 196 (Feb ) 1937, III The Per Diem Excretion of Urobilinogen 
in the Common Forms of Jaundice and Disease of the Liver, ibid 59 206 (Feb ) 
1937 
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0 5 to 2 mg The urobilinogen content of the feces varies from 40 
to 280 mg Mild infection, inanition or inactivit} uncomplicated b} 
jaundice or anemia, tends to lowei the excretion of urobilinogen m 
the feces Fever of an) considerable degi,ee tends to mciease the 
amount of urobilinogen in the feces, but fever alone without jaundice 
does not increase the degree of urobilmuiia 

One hundred and thirty-five patients with jaundice or hepatic 
disease were studied b} Watson^® In obstructive jaundice due to 
cholecystitis or cholelithiasis without complications the excretion of 
urobilinogen m the urine or in the stool was only slightly inci eased if 
at all over the normal Relief of the obstruction with subsidence of 
the jaundice, apparently was accompanied temporal ily by a marked 
increase m the excretion of urobilinogen, paiticularly that in the mine 
In contrast to the findings m obstruction due to calculus, which rarely 
was complete, were those m cai cmomatous obstruction The degree of 
obstruction in the latter case usually was complete, and this was sig- 
nalled by the almost complete disappearance of uiobilinogen from both 
mine and stool 

In cases of acute catarrhal jaundice there was a normal excietion of 
uiobilinogen m the stool, but the amount excieted m the urine regularly 
was increased over the amount found m cases of uncomplicated jaun- 
dice with stone Similar findings were obseived m cases of chronic 
hepatitis or cirrhosis 

Cases of chronic hepatitis oi ciiihosis which was accompanied by 
an increased destruction of blood weie chaiactenzed by the presence 
of an increased amount of uiobilinogen m the urine, but the mciease 
111 the output of urobilinogen in the stool was especiall)’' marked 

The content of urobilinogen in the feces usually ivas inci eased to 
a marked degree in cases of hemolytic jaundice In such cases splenec- 
toni} lesulted in a lapid decrease The urobilinogen content of the 
mine, however, was onl} model ateh increased and could not be cor- 

1 elated with the increased destruction of blood Watson theiefore 
concluded that the molDilmuria seen m hemolytic types of jaundice 
was not due to flooding oi overloading of the liver with urobilinogen 
but was eMdence of functional disturbance in the liver 

These data reported by Watson confirm and extend the pieviousl}^ 
leported views b} showing that the presence of uiobilinogen in feces 
or urine is dependent on the passage of bile through the common duct 
into the intestine Transient obstruction may occur from stones or 
acute hepatitis but persistent complete obstruction neaily alwa}s is 

18 Watson C J The Average Daih' Elimination of Urobilinogen in Health 
and Disease, with Special Reference to Pernicious Anemia, Arch Int Afed 47 
698 (Ma^ ) 1931 Watson 
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due to neoplasm The amount of uiobilmogen m the stool appears 
to vaiy with the late of destuiction of blood and piesumabh, there- 
fore, with the excietion of bile pigment The excietion of uiobilmogen 
in the urine is a measure #of hepatic instifficienc} nhich, however, ma} 
be variously pioduced It is most fiequent and marked in the pies- 
ence of diffuse hepatic disease It is not piesent in cases of chole- 
lithiasis unless theie aie complications, such as infection oi anemia 
In hemolytic jaundice the urobihnuiia when piesent was a measuie of 
hepatic djsfunction fiom anemia oi othei causes lathei than a 
“flooding” of the hvei as a lesult of the inci eased destuiction of blood 

The collection of specimens and the quantitative deteimmation of 
the daily excretion of uiobilmogen in the in me and stools constitute 
a laboiious procedure, but Watson has amph demonstiated its gieat 
diagnostic significance 

Po] phyi ms and Poi phynn Metabolism — The urine and stool con- 
tain not only bile pigments and then denvatnes but anothei senes of 
pigments, the porphyrins These aie of gieat biologic interest, foi, 
as described in a lecent review^ of this subject by Hans Fischei 
the respirator}^ pigments aie poiph}iin compounds The hemoglobin 
of the led blood coipuscles and the myoglobin ot muscles aie com- 
pounds composed of a porphyim non and a piotein The chloioph}!! 
of green plants is a poiphyrm-magnesium compound The blown pig- 
ment of egg shells,-” the pigment (tuiacin) in the featheis of one 
species of South African biid, the chloiociuoiin found m laie species 
of wmrms and the cytochrome C found in j'east cells -* and m many 
species of animals and plants aie all porphjrm compounds 

The chemical structure of the porphjims has been elucidated as a 
lesult largely of the woik of Hans Fischei and his pupils They 
have showm that poiphyrms are composed of foui pyiiole nuclei united 
by four methene bridges to form the poiphin ring In the natuialh 

19 Fischer, H, and Orth, H Die Chcniie des Pyrrols, Leipzig, Akademische 
^^erlagsgese]lschaft m b H , 1937, \ol 2 

20 Fischer, H, and Kogl, F Zur Kenntms der natiirlichen Porplnrine 
IV Ueber das Ooporphvnn, Ztschr f physiol Chein 131 241, 1923 Fischer, H, 
and Lindner, F XIV Ueber Ooporph 3 ’^rin und seine Ueberfuhrung in den Ester 
des Hamms, ibid 142 141, 1925 

21 Fischer, H, and Hilger, J Zur Kenntms der natiirlichen Porplnrine 
Uebei das k'orkommen von Uroporphyrin in den Turakoiogeln und den Nacinveis 
von Koproporphyrin in der Hefe, Ztschr f ph\ siol Chem 138 59, 1924 

22 Fischer, H , and von Seemann, C Die Konstitution des Spirographishamins, 
Ztschr f phisiol Chem 242 133, 1936 

23 Zeile, K , and Reuter, F Ueber Ci'tochrom C, Ztschi f pin siol Chem 
221 101, 1933 

24 Fischer, H , and Hilmer H Ueber Koproporpln rin-Si nthese durch Hefe 
und ihre Beeinflussting, Ztschr f pin siol Chem 153 167, 1926 
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occuiiing porph3^rins, vaiious chemical groups have been substituted 
foi the h3^drogen atoms in the periphery of the poiphin nucleus By 
diffeient arrangements of the substituting groups, a numbei of isomeric 
chemical compounds are possible When the eight hydrogen atoms of 
the poiphin nucleus aie substituted, Avith four methyl and four 



MESOBILIRUBIN 



UROBILIN 



MES0BILIRUB1NO6EN - UROBILINOGEN 



STERCOBILIN 

Fig 2 — The structural formulas of bilirubin, urobilinogen and related com- 
pounds (after Fischer) 


ethyl gioups, four isomeiic etioporph3 rms (t3^pes I to IV) are 
formed They diffei onty in the airangement of the substituent groups 
The etiopoi phyi ms do not occur naturally but are of importance as 
lefeience t3"pes, foi the naturall3^ occurring porphyrins ma3’- be classified 
as of similai construction to etioporph3mn of either type I oi t3^pe III 
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The respiratory pigments, hemoglobin,^® myoglobin,®® c} tochrome C,®® 
chlorophyll and catalase,®® are all compounds of type III poiphjiin The 
chemical formulas of some of these compounds aie given in figures 
2 to 4 


H 

H C H 





Fig 3 — The structural formulas of porphin and related compounds (after 
Fischer) 


25 Schonheimer, R Ueber den roten Farbstoff der Herz- und Skelett- 
muskulatur, Ztschr f physiol Chem 180 144, 1929 

26 Stern, K G The Constitution of the Prosthetic Group of Catalase, J 
Biol Chem 112 661, 1936 
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The early reports of Garrod and Gunther demonstrated the 
occurrence of clinical cases of porphyria, and Garrod emphasized that 
such cases represented a rare type of constitutional anomaly of pigment 
metabolism Mason, Courville and Ziskmd summai ized this litera- 
ture and reported that congenital porphyria has been recorded in 27 
cases and acute idiopathic porphyria in 48 cases They also reported 
that about 100 cases of acute toxic porph}ria have been recoided Most 


CH-CH CH CH 



HEM!N 



PROTOPORPHYRIN (ix)TYPE m 



CHCOOH 

I 1. 



COPROPORPHYRIN TYPE M 


Fig 4 — The structural formulas of various derivatives of tjpe III porphjnn 
(after Fischer) 


of these cases followed the long-continued abuse of sulfonmethane or 
sulfonethylmethane Porphyrin metabolism has been summarized m 

27 Garrod, A E Hematoporphj'nn in Normal Urine, J Phvsiol 17 349 
1894, Inborn Errors of Metabolism, ed 2, London, Humphrej J^Iilford, 1923, p 136 

28 Gunther, H Die Bedeutung der Hamatoporphyrie in Phisiologie und 
Pathologic, Ergebn d allg Path u path Anat 20 609, 1922 

29 Mason, V R , Courville, C , and Ziskmd, E The Porph^ rins in Humar 
Disease, Medicine 12 355, 1933 
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the reviews of Biugsch/® Caiiie/^ Vannotti and others^® Porphyiia 
has been shown by Tinner to be present ni the fox squinel, in which 
the bones and urine normally are stained red by porphyiins 

The excretion of porphyiins, however, is not limited to cases 
of porphyiia, for small amounts aie excieted in the mine and stool 
both of noimal persons and of patients sufleiing fiom a variety of 
pathologic conditions ““ The amount excreted usually is too small to 
pioduce clinical S3mptoms, though Beckh, Ellingpi and Spies have 
leported that in pellagra the excretion of porph3rm bears a rough 
1 elation to the intensit3^ of the cutaneous lesions, and the3’’ have pointed 
out the similarit3^ between the cutaneous s3unptoms of congenital 
poiphyimuria and those of pellagra An increased excretion of poiph3'^- 
iins does not alwa3's produce cutaneous s3nnptoms, for most patients 
with acute or chionic porph3''nnuria do not manifest this S3nnptom 
The porph3Tins in the mine and stool of noimal persons and of patients, 
including those with acute, chronic or congenital poipltyria, consist 
preponderantl3’' of copropoiph3um t3'pe I, with traces of protopoiph3'iin 
type III and deuteroporphyrin t3'pe III Uroporph3Tins of t3’’pes I and 

30 Brugsch, J T Die sckundaren Storungen des Porphjnnstoffwechsels, 
Ergebn d mn Med u Kinderli 51 86, 1936 

31 Came, C Die Porphyrine, Leipzig, Georg Thieme, 1936 

32 Vannotti, A Porpliynn und Porphvrinkranklieiten, Berlin, Julius Springer, 
1937 

33 Kammerer, H Biologic und Khmk der Porphyrine, Verhandl d deutsch 
Gesellsch f inn Med 45 28, 1933 Fischer, H Ueber Hamm und Porphyrine, 
ibid 45 7, 1933 

34 Turner, W Studies on Poiphjna Observations on the Fox Squirrel, 
J Biol Chem 118 519, 1937 

35 (c) Fink, H, and Hoerburger, W Isolierung \on kristallisiertem 
Koproporphynn I aus nornialen menschlichen Urin, Natunvisseiischaften 18 
292, 1934 (b) Watson, C J Concerning the Naturally Occurring Porphyrins 

I Isolation of Coproporphyrin I from the Urine in a Case of Cmchophen Cirrhosis, 
J Clin Investigation 14 106, 1935, 11 The Isolation of a Hitherto Undescnbed 
Porphyrin Occurring with an Increased Amount of Coproporphyrin I in the 
Feces m a Case of Familial Hemob'tic Jaundice, ibid 14 110, 1935, III Isolation 
of Coproporph 3 'rm I from the Feces of Untreated Cases of Pernicious Anemia, 
ibid 14 116, 1935, IV Urmarj Porphj'rms m Lead Poisoning as Contrasted with 
that Excreted Normally and m Other Diseases, ibid 15 327, 1936, V Porphyrins 
of the Feces, ibid 16 383, 1937 (c) Dobriner, K Urinary Porphyrins in 

Disease, J Biol Chem 113 1, 1936, Porphyrin Excretion in the Feces m Normal 
and in Pathological Conditions, ibid 120 115, 1937 (cf) Vigliani, E C, and 
Libowitzky, H Ueber Porphyrine im Harn und im Kot, Klin Wchnschr 16 
1243, 1937 

36 Beckh, W , Elhnger, P , and Spies, T D Porplwrmuria in Pellagra, 
Quart J Med 6 305, 1937 

37 Waldenstrom, J Studien uber Porphyrie, Acta med Scandinav , 1937, 
supp 82, pp 1-254 
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III have also been lecoveied in cases of acute, chionic and congenital 
porphyiia Porphyiins of type I thus constitute the usual type found 
both normally' and in the majoiity of pathologic conditions 

Coproporphynn type III has been lepoited in the excreta in cei- 
tain cases of lead poisoning,^® in cases of aplastic anemia and m cases 
of atrophic cirrhosis, pigment cirrhosis and melanocarcmoma of the 
liver The perfusion expeiiments of van den Beigh, Grotepass and 
Revel s^’- have demonstiated that the suiviving liver is capable of con- 
verting protoporphyi 111 into coproporphynn Because of the hepatic 
damage m these cases it is possible that some of the protoporphyrin 
foimed by the destiuction of hemoglobin escapes conversion into bih- 
lubin and may be converted into copi oporphynn type III The evi- 
dence today^ however, is too fragmental y for this explanation to be 
accepted as more than a hypothesis 

Such a hy^pothesis, however, will not explain the production of 
poiphyrm of ty^pe I m nearly all the cases studied Porphyrins of 
ty^pes I and III cannot be conveited the one into the other by chemical 
means without breakdown to simple pyrroles and resymthesis It 
IS extremely unlikely that the body can convert porphyrin of one ty^pe 
into that of another, and Fischer has emphasized the dual nature of 
the porphyrins in consequence The studies of Dobriner and of 
W atson in particular have indicated further that coproporphynn is 
chiefly if not entirely endogenous The amounts excreted were greatest in 
cases of hemolytic jaundice and pernicious anemia oi after hemorrhage 
or theiapeutic hemolysis in a case of polycythaemia vera in which the 
legeneiation and bone marrow activity were greatest, and they were 
least in a case of anemia associated with destruction of bone mairow 

38 Grotepass, W Zur Kenntnis des im Harn auftretenden Porphyrins bei 
Bleivergiftung, Ztschr f physiol Chem 205 193, 1932 Franke, K , and Litzner, 
G Quantitative Determination of Porphyrin in Urine as an Aid in Early 
Recognition of Lead Poisoning, Ztschr f klin Med 129 115, 1935 Roth, E 
Lead Poisoning and Porphyria, ibid 129 123, 1935 Watson,^^*! 1936 

^9 Dobriner, K, and Rhoads, C P The Excretion of Porphyrin in Refiactory 
and Aplastic Anemia, J Clin Investigation 17 125, 1938 

40 Watson, C J The Porphyrins and Their Relation to Disease Porphyria, 
in Christian, H A , and Mackenzie, J Oxford Medicine, London, Oxford Uni- 
versity Press, 1938, vol 4, pt 1, p 228 (1) Dobriner 

41 van den Bergh, A A H , Grotepass, W , and Revers, F E Beitrag uber 
das Porphyrin in Blut und Galle, Klin Wchnschr 11 1534, 1932 

42 Fischer, H Ueber Porphyrine und ihre Sjmthesen, Ber d deutsch chem 
Gesellsch 2 2611, 1927, Ueber Hamm und Porphyrine, Verhandl d deutsch 
Gesellsch f inn Med 45 7, 1933 Fischer and Orth 

43 Dobriner, K , Strain, W H , and Locaho, S A (a) I Quantitative 
kleasurement of Coproporphynn and Total Coproporphynn I Excretion in Normals, 
Proc Soc Exper Biol & jMed 36 752, 1937, (6) II Coproporphynn I Metab- 
olism and Hematopoietic Activity, ibid 36 755, 1937 
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The studies of Dobnner and his collaborators have furthei shown a 
parallelism between the rates of excietion of copiopoiphyrin type I 
and the rates of excietion of uiobilinogen These various investigations 
led Dobnner, Locaho and Strain^® to suggest that the s}nthesis of 
poiphjrins in vivo is directed to the formation of laige amounts of 
type III porphyim and a small amount of t3pe I poiphyrin as products 
of the same synthesis Physiologically there is a direct pioportion 
between the construction of the two types of porplwrm Type III 
porphyim is used m the foimation of the respirator} pigments, and 
type I poiphyrin is excieted mainly as coproporphyi in I Since an 
increase or deciease in the synthesis of hemoglobin is paralleled by the 
foimation and excietion of type I poiph}rm, the excietion of copro- 
porph}im I has been used by Dobnner, Strain and Locaho'*^ and by 
Dobnnei and Rhoads as an index of hematopoietic activit} both in 
noimal peisons and m persons in whom there is an oideily increase or 
decrease in hematopoiesis Borst and KonigsdorflFer and Turner 
have pointed out that theic is formation of uroporphyrin I associated 
with the fetal megaloblastic type of erythi opoiesis Pi otoporphynn 
has been found in mai row erythroblasts and in human i eticulocytes 
Watson®®*^ also found an increased excretion of pi otoporphynn in the 
same instances in which the feces contained increased amounts of 
coproporphyrins This protoporph} i in was not finall} identified but 
showed diffei dices m behavior which suggested that it vas not the same 
as pi otoporphyi 111 t^pe III derived from heiiioglobin This evidence 
IS m accord with the studies 6 f Dobnner and his co-v orkers in linking 
the pioduction of copropoi phynn I with ei \ thropoietic activit} 

The lesults thus fai have shown that the liver pla}S an important 
lole 111 the excretion and possibly in the metabolism of the porphyrins 
In most instances the excreted porphyim is t}pe I coproporphynn 
Howevei, in some diseases type III coproporphynn has been recoiered 

44 (a) Dobnner, K Excretion of Porph 3 nn b^ Dogs Proc Soc Exper 
Biol & Med 36 757, 1937 (b) Dobnner, K, and Rhoads, C P The Excretion 
of Coproporphynn I Following Hemorrhage m Dogs, J Chn Imestigation 17 
105, 1938, Metabolism of Blood Pigments in Pernicious Anemia, ibid 17 95, 1938 
(c) Dobnner, Strain and Locaho 

45 Dobnner, K , Locaho, S A , and Stiain, W H A Studi of the Porplnrins 
Excreted in Congenital PorphjTinuna, J Biol Cheni 114 xxvi, 1936 van den 
Bergh, Grotepass and Re\ers’‘i Fischer Footnote 44 

46 Borst, M , and Konigsdorffer, H Untersuchungen uber Porphyrie, 
Leipzig, S Hirzel, 1929 

^ 47 Watson, C J, and Clarke, W The Occurrence of Protoporpinnn in the 
Reticulocj'tes, Proc Soc Exper Biol & Med 36 65, 1937 

48 Watson Dobnner 

49 Vigliani, E, and Angeleri, C Ueber das iin Plasma Bleikranker Aoikom- 
mende Porphyrin, Klin Wchnschr 15 700, 1936 Vigilani, E and Waldenstrom, 
J Die Porphjnne beim Saturnismus, Deutsches Arch f khn Med 180 182, 
1937 Dobnner 
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Garrod and Gunther in then early work noted an increased urinaiy 
excietion of poiphyiin in cases of hepatic disease Quantitative data 
on urinary porphyi in have been recorded by Thiel, °° Boas and 
Lageder®- Brugsch measured the urinary output of copi oporphynn 
before and aftei a meal of liver and concluded that an increase m the 
urinary copropoiphyim content following such a meal is a sensitive 
indicator of hepatic insufficiency Tropp and Penew have recently 
published moie complete data on the relation of the porphyrins to 
hepatic damage, as have also Kammerer and Meyei All these studies 
indicate that an inci eased urinary output of porphyrin is an early indi- 
cation of hepatic insufficiency 

The observed inciease in the uiinary output of coproporphyi m is 
perhaps due to two factois — an increased production and an inability 
to excrete porph}ims into the bile on the part of the damaged liver 
If so, theie is a maiked similarity between the pathway of excietion 
of the porphyrins and thatmf urobilinogen and bile pigments 

The entire subject is in its infancy All authors, vith the exception 
of Brugsch, ha\ e determined only the urinary output of coproporphynn 
The studies of fecal porphyrin conducted by Brugsch, however, were 
inconclusive, since the vaiious porphyrins excreted weie not separated 
With the newer methods now available it appears that accurate deter- 
minations of the urinary and fecal output of coproporphynn can be 
made Studies utilizing these methods to determine the ratio between 
the urinary and the fecal output of coproporphynn, as suggested by 
Brugsch, will yield valuable information The studies thus far indicate 
that jn hepatic disease there is a shift of the ratio between the urinary 
output and the fecal output of copropoi phyrm in favoi of the urinary 
porphyrins 

50 Thiel, W , and Kammerer, H Quantitative Porphynnmessungen bei 
1 erschiedenen Krankheiten, A^erhandl d deutsch Gesellsch f inn Med 45 81, 
1933 

51 Boas, J Ueber das Vorkommen von Protoporpbynii im Harn, Klin 
Wchnschr 12 589, 1933 

52 Lageder, K Kliniscbe Porpbynnuntersuchungen mit einer quantitativen 
spectroskopischen Metbode, Arch f Verdauuiigskr 56 237, 1934 

53 Brugsch, J T Untersuchungen des quantitativen PorphyrmstofTwechsels 
beim gesunden und kranken Menscben, Ztschr f d ges expei Med 95 471, 482 
and 493, 1935 Keys, A and Brugsch, J T Porphyrins and Porphyrinemia, 
Am J Digest Dis & Nutrition 5 49, 1938 

54 Tropp, C , and Penew, L Quantitative Clinical Studj' of the Urinary 
Porphyrin in Hepatic Cirrhosis, Hepatopathies Exclusive of Cirrhosis Tubercu- 
losis and Other Diseases Improved Technic of Determining the Porphyrins, 
Deutsches Arch f khn Iiled 180 423, 1937 

55 Kammerer, H , and Meyer, W K Ueber abdominale idiopathische 
Porphyne, Deutsches Arch f khn Med 179 392, 1936 
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PHOSPHATASE IK THE DirEERENTIAL DIAGNOSIS OE JAUNDICE 

The various tests of hepatic function which have been recommended 
as of value m the differential diagnosis of jaundice are legion The 
status of many of them has been discussed in pievious ai tides of this 
series oi in such ai tides as the lecent one of Snell and Magath/® m 
which most of the generally accepted tests have been discussed Much 
contioveisy has aiisen ovei the diagnostic significance of the phospha- 
tase values of the seium in jaundice Roberts®** fiist repoited that 
this value is inci eased in obstructive jaundice He obtained normal 
values 111 cases of hepatitis or catarrhal jaundice and so suggested the 
use of this test m making a diffeiential diagnosis This view has been 
substantiated by the leports of Armstiong, ’**" Rothman, Meianze and 
Meranze,®“ and Flood, Gutman and Gutman The elevation of the 
phosphatase content in cases of obstiuctive jaundice is accepted, as is 
the finding of noimal values in cases of hemolytic jaundice Such cases 
have been lepoited by Robeits,®® Greene, Shattuck and Kaplowitz 
Heibeit,®- Andeison,®® and Flood, Gutman and Gutman 

The majority of mvestigatois uho have studied the phosphatase 
content in cases of hepatitis oi of cataiihal jaundice have reported 
variable lesults Noimal values fiequently aie obtained Elevated 
values are met with sufficient frequenc) markedlj to limit the diagnostic 
value of this test, if not to lendei it valueless®* 

56 Snell, A M , and Magath, T B The Use and Interpretation of Tests 
for Liver Function A Clinical Review, JAMA 110 167 (Jan 15) 1938 

57 Cantarow, A Review of Phosphatase Acti\ ity and Calcium and Electrolyte 
Metabolism, Internat Clin 1 230, 1936 Morris, N , and Peden, O D Plasma 
Phosphatase in Disease A Review, Quart J Med 6 211, 1937 

58 Roberts, W M Variations in the Phosphatase Activity of the Blood in 
Disease, Brit J Exper Path 11 90, 1930, Blood Phosphatase and the van den 
Bergh Reaction in the Differentiation of the Se\eral Tvpes of Jaundice, Brit 
M J 1 734, 1933 

58a Armstrong, A R , King, E J , and Harris, R I Phosphatase in 
Obstructive Jaundice, Canad M A J 31 14, 1934 

59 Rothman, M M Meranze, D R , and Mcranze, T Blood Phosphatase 
as an Aid in Differential Diagnosis of Jaundice, Am J M Sc 192 526, 1936 

60 Flood, C A , Gutman, E B , and Gutman, A B Phosphatase Actlvlt^ , 
Inorganic Phosphorus and Calcium of Serum in Disease of the Liver and Biliary 
Tract A Studj’^ of One Hundred and Twentv-Three Cases, Arch Int Med 59 
981 (June) 1937 

61 Greene, C H , Shattuck, H F, and Kaplowitz, L The Phosphatase 
Content of the Blood Serum in Jaundice, J Clin Investigation 13 1079, 1934 

62 Herbert, F K The Plasma Phosphatase in the Various Types of Jaundice 
Brit J Exper Path 16 365, 1935 

63 Anderson, R G The Plasma Phosphatase in Jaundice, St Barth Hosp 
Rep 68 221, 1935 

64 Bodansky, A , and Jaffe, H L Phosphatase Studies IV Serum Phos- 
phatase of Non-Osseous Origin, Significance of the Variations of Serum Phospha- 
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The results of expeiimental studies likewise ha^e been vanable 
The phosphatase content is increased in experimental obstructive jaun- 
dice in dogs but not in cats Toxic injur to the liver in dogs b) 

a variety of methods has been shown by Hartman and Schelhng 
and by Armstrong and King to produce an increase A similai 
inciease has been obseived in cases of complete biliary fistula No 
satisfactoiy single explanation of these various and apparently con- 
tiadictory clinical and experimental obseivations has been propounded 
thus far Thannhauser and his collaborators have reported i ecently 
an extensive series of observations which offer an alternative explana- 
tion and do much to clarify the situation 

Bodansky ' ° obsei ved that there was a paradoxic increase m the 
phosphatase content of seium on standing Thannhauser found that 
cevitamic acid was an intense activator of seium phosphatase Normal 
subjects responded \Mth an increase of from 100 to 134 units Patients 
with hepatic disease oi experimental animals with high initial values 
did not show such rises after the addition of cevitamic acid He con- 

tase m Jaundice, Proc Soc Exper Biol & Med 31 107, 1933 Austoni, B , and 
Caggi, G La phosphatase du plasma dans differentes affections, Presse med 
42 1594, 1934 Fiessinger, N, and Boyer, F La phosphatase plasmatique en 
pathologie hepatique. Rev med -chir d mal du foie 10 137, 1935 Cantarow, A , 
and Nelson, J Serum Phosphatase in Jaundice, Arch Int Med 59 1045 (June) 
1937 Greene, Shattuck and Kaplowitz Herbert Anderson 

65 (fl) Bodansky, A, and Jaffe, H L Phosphatase Studies VIII Increase 

of Serum Phosphatase After Bile Duct Ligation m Dog, Proc Soc Exper Biol 
S. Med 31 1179, 1934 (5) Armstrong, A R , King, E J , and Harris, R I 

Phosphatase in Obstructive Jaundice, Canad M A J 31 14, 1934 

66 Cantarov, A , Stewart, H L, and McCool, S G Serum Phosphatase in 
Cats with Total Bile Stasis, Proc Soc Exper Biol & Med 35 87, 1936 

67 Hartman, F W , and Schelhng, V Serum Phosphatase in Experimental 
Insufficiency of the Liver, Arch Path 18 594 (Oct) 1934 

68 Armstrong, A R , and King, E J Serum Phosphatase in Toxic and 

Hemolytic Jaundice, Canad M A J 32 379, 1935 / 

69 Thannhauser, S J , Reichel, M , and Grattan, J F Studies on Serum 
Phosphatase Activity I Ascorbic Acid Activation on Serum Phosphatase, J 
Biol Chem 121 697, 1937 Thannhauser, S J , Reichel, M , Grattan, J F , and 
Aladdock, S J II The Effect of Experimental Total Biliary Obstruction on 
the Serum Phosphatase Activation in Dogs and Cats, ibid 121 709, 1937 , III The 
Effect of Complete Biliary Fistula on Phosphatase Activity in Serum and Bile, 
ibid 121 715, 1937, IV The Deactivating Effect of Thiol Compounds and Bile 
Acids on Serum Phosphatase in Vitro and in Vivo, ibid 121 720, 1937, V Studies 
Concerning Increased Serum Phosphatase Values in Disease, ibid 121 727, 1937 
Maddock, S , Thannhauser, S F , Reichel, M , and Grattan, J F A New Con- 
ception of Serum Phosphatase Review of Experimental Work, New England J 
l^Ied 218 166, 1938 

70 Bodanskj', A Paradoxical Increase of Phosphatase Actnitv in Preserved 
Serum, Proc Soc Exper Biol & Med 29 1292, 1932 
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eluded that the high values pieviously leported aie to be explained as 
due to an increased activation of phosphatase and not to an increase 
in the total amount of enzyme present in the serum The exact nature 
of this activating factoi is unknown Bile acids which may be present 
in the serum, especiall}'’ in cases of obstructive jaundice, decrease the 
activation of the phosphatase 

Thannhausei and his associates therefoie pointed out that the 
mechanism pioducmg an apparent mciease m the serum phosphatase 
content m jaundice seemed to be understandable in the light of these 
findings Any obstiuction to the excretion of bile results m the 
damming up of both depressing (bile acids) and activating (cofactor) 
substances Since the cofactoi substances are more poweiful as 
activators than are bile acids as depressors, the net lesult is an increase 
m activity of serum phosphatase The difficulty of attempting to use 
phosphatase determinations in the differential diagnosis of hepatic dis- 
ease is thus appal ent 

PORTAL HYPERTENSION 

The two cardinal sjnnptoms of hepatic disease are jaundice and 
ascites The first usually is considered indicative either of biliary 
obstiuction or of acute toxic or infectious hepatitis The second is 
accepted as pathognomonic of hepatic cirrhosis 

The ascites m cirrhosis usually is accompanied by opsiuiia (delayed 
excietion of urine), splenomegal) , hemorrhoids, gastiointestinal hemor- 
rhages and the development of a collateral venous circulation over the 
abdomen The clinical syndiome characterized by this set of signs and 
symptoms is observed m cases of hepatic cirrhosis but is not limited 
to such cases, for it may be seen m a miscellaneous group of other 
pathologic conditions It is apparent that the common denominator 
responsible for the production of this clinical picture is that of engorge- 
ment of the poital circulation, with increased pressure in the portal 
vein This sjmdiome, m consequence, has been called the sjndrome of 
portal hypei tension 

Though this sjndiome is not discussed as such in many English 
and American textbooks, its recognition is not recent, for Stahl,"^ in 
1698, described some of its cardinal features There were many others 
who contributed to the study of the condition, but it remained foi 
Gilbert,"- m 1899, to ciystallize clinical thought and to name the syn- 
drome The study of this condition has been furtheied b}^ the students 

71 Stahl, G E De vena portae, porta malorum h 3 'pochondnaco-spIenetico- 
suffocativo-hystenco-colico-haemorrhoidanorum, Halle, 1698 

72 Gilbert, A , and Gamier, M De I’abaissement de la pression artenelle 
dans les cirrhoses alcooliques du foie, Presse med I 57, 1899 
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of Gilbert and was discussed in detail in the monograph of A’lllaiet 
and Justm-Besangon 

The anatom} and physiolog} of the circulation of the hvei and the 
changes which contiibute to the development of vascular obstiuction 
and portal h}pertension in cases of portal cirrhosis have lecentl} been 
summarized by McMichaelp^ McNee and Weiss A consideiation 
of the relations within the vascular bed of the liver vas initiated b} 
Gad,'" m 1873 He maintained that the finei blanches of the hepatic 
artery and of the portal vein met at an acute angle so that wedge- 
shaped flap valves were foimed by this angle of union This flap then 
shifted 111 accordance with the pressure on each side so that an iiici eased 
flow of blood through the hepatic arteiy would limit the flow thiough 
the poital vein McMichael objected to this view as not being m 
keeping with the bulk of anatomic evidence Heirick,"® m 1907, pei- 
fused human livers, both normal and cirrhotic, with saline solution He 
concluded that the increased portal pressuie m hyperti opine portal 
cirrhosis is due not to vascular obstiuction from fibiosis but to the 
combined eftect of the diiect communication of the aiterial piessuie 
to the portal vein thiough dilated capillaiies and to the laiger volume 
of flow through the hepatic artery propoitional to the poital flow m 
the cirrhotic as compared with that in the normal In ei iMcIndoe 
on the other hand, reported that in cases of advanced hepatic ciiihosis 
the aichitecture of the liver is so disoiganized that the parenchymal 
cells aie almost completely divoiced from the normal portal blood 
suppl} and are laigely dependent on the hepatic artery foi the mainte- 
nance of an adequate circulation These changes he claimed neie 
sufiicient to explain the portal hypertension 

The studies of Meindoe were most convincing but did not tell the 
A\hole story Bollman has shown in dogs with damaged liveis that 

73 Villaret, M , and Justin-Besangon, L Le syndrome d’hypertension portale, 
in Roger, G H , Widal, F, and Teissier, P J Nouveau traite de medecine, 
Pans, Masson & Cie, 1928, vol 16, p 97 

74 McMichael, J The Portal Circulation, J Physiol 75 241, 1932 

75 AIcNee, J W Liver and Spleen Their Clinical and Pathological Asso- 

ciations, Brit M J 1 1017 (June 4) , 1068 (June 11) 1932 

76 Weiss, S Portal Hypertension, Internat Clin 1 149, 1932 

77 Gad, J Studien uber Beziehungen des Blutstroms in der Pfortader zum 
Blutstrom in der Leberarterie, Inaug dissert, Berlin, Gusta\e Schade, 1873 

78 Herrick, F C An Experimental Stud}' into the Cause of the Increased 
Portal Pressure in Portal Cirrhosis, J Exper Med 9 93, 1907 

79 kicindoe, A H Vascular Lesions of Portal Cirrhosis, Arch Path 5 23 
(Jan) 1928 

80 Bollman, J L The Influence of Diet on the Production of Ascites, Arch 
Path 6 162 (Juh) 1928 Snell, A M , Greene, C H, and Ro\\ntree, L G 
Diseases of the Lner VII Further Studies in Experimental Obstructne Jaun- 
dice, Arch Int Med 40 471 (Oct ) 1927 
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ascites may be pi oduced oi ma}'^ be made to disappeai at will b} changes 
in the diet Equally dramatic changes are seen in some patients as a 
result of the successful therapeutic use of meicurial diiiietics These 
changes aie too rapid to be explained by the assumption that the ascites 
m portal ciirhosis is solely the result of portal obstiuction from the 
fibrotic changes m the liver Evidently othei factors besides the degree 
of fibrosis aftect the development of ascites It is doubtful, however, 
if these accessory factors, which will be discussed later, can cause the 
development of ascites without the concomitant presence of portal 
obstruction 

Other conditions which ma} piesent the clinical sxndiome of chronic 
poital obstiuction with portal hypertension include thrombosis oi 
phlebitis of the portal vein Wen and Beaver reviewed 127 cases, 
including 54 cases of simple thrombosis In 7 cases in which there 
was cardiac disease the thrombosis was complete enough to cause death 
Symptoms developed acutely, and in all cases there was infarction of 
the small intestine Infaiction of the liver, on the othei hand, did not 
follow thrombosis of the portal vein but developed only after occlusion 
of the hepatic artery In some cases Weir and Beaver noted the 
development of a collateral cnculation aiound the portal obstruction 
Because they found transitional stages they interpreted thickening of 
the wall of the poital vein as part of the thrombotic piocess rathei 
than as a primary degeneration of the wall of the vein 

Klemperer®- reviewed the literature on cavernomatous tiansfor- 
mation of the portal vein and lepoited an additional case m which 
theie were the symptoms of portal h}pertension He reported that 
these cases fell into three groups repiesentmg (1) the end result 
of portal thrombosis, (2) malfoimations and (3) tumoi (angioma) of 
the vein Simonds ®® has also reviewed the eft'ects of chronic occlusion 
of the portal vein, and Wilson and Lederer ®'‘ have described the 
micioscopic anatomy and pathogenesis of portal phlebosclerosis 

The most interesting group of cases in which there is the syndrome 
of portal hypei tension is that ill defined group characterized b}'’ 
splenomegaly, anemia, leukopenia and fiequently cinhosis of the liver, 

81 Weir, J F, and Beaver, D C Diseases of the Portal Vein A Review of 
One Hundred and Twenty-Seven Instances, Am J Digest Dis & Nutrition 1 
498, 1934 

82 Klemperer, P Cavernomatous Transformation of the Portal Vein Its 
Relation to Banti’s Disease, Arch Path 6 353 (Sept ) 1928 

83 Simonds, J P Chronic Occlusion of the Portal Vein, Arch Surg 33 397 
(Sept) 1936 

84 Wilson, S J, and Lederer, M Splenomegaly Portal Phlebosclerosis, 
Am J Dis Child 38 1231 (Dec) 1929 



GREENE ET AL— LIVER AND BILIARY TR4CT 


67 S 


as well as by changes in the portal cii dilation The S}ncliome in this 
group of cases does not conespond accuiately to the S 3 ndrome 
described by Baiiti, }et for want of a bettei term it is often discussed 
undei the title of Banti’s syndrome Accoiding to some obseivers. 
cases of portal (Laennec’s, atiophic, alcoholic) ciirhosis properl} 
belong in this group, apparent differences being due to variations in 
the order and time relations in the de^ elopment of the disease In 
many cases of so-called Banti’s disease an etiologic factor, such as poital 
thrombosis, syphilis, adhesions oi splenic ptosis, can be demonstiated. 
but m otheis the cause escapes detection 

There have been many theoiies to explain the oiigin of spleno- 
megaly in the Banti s}ndiome Toxic, inflammatoiy and compensatory 
factois have all been suggested as causal More attention has been 
paid lecently to the theoiy that the splenic changes, in pait at least, 
are congestive and associated with poital hypei tension This theoiy 
has been stressed because of (1) the similarity of the clinical couise 
111 all cases in this group regardless of the piimai} cause, (2) the 
similarity of the pathologic changes, (3) the similaiity of the i espouse 
to splenectomy when peifoimed in comparable stages of the disease 
and (4) the evidence foi the existence of portal hipertension in all 

CONGESTIVE SPLENOMEGALY 

Many observers have emphasized the clinical similarity of the cases 
111 this group Eppmgei stiessed the congestive changes in the spleen 
Larrabee leviewed 47 cases which fell into this gioup and in all of 
which similar clinical features were present independent of the under- 
lying etiologic process He advocated eaily splenectomy in conse- 
quence Engelbi eth-Holm piesented several cases of tuberculous 
splenomegaly which clinically lesembled cases of Banti’s disease In 
2 of these the condition was relieved symptomatically after splenec- 
tomy The pathologic changes in the spleen in cases of the Banti 
syndrome show a striking unifoimity This was stiessed by Malloiy,®^ 
who concluded that the histologic changes in the spleen could be 
accounted for by long-continued passive congestion He pointed out 
tbe fiequency with wdiich an old thrombosis of the splenic vein may 
be overlooked and described a case in which an old recanahzed throm- 

85 Larrabee, R C Chronic Congestive Splenomegalj’^ and Its Relationship 
to Banti’s Disease, Am J Sc 188 745, 1934 

86 Engelbreth-Holm, J A Study of Tuberculous Splenomegah and 
Splenogenic Controlling of the Cell Emission from the Bone !Marrow, Am J M 
Sc 195 32, 1938 

87 Splenic Anemia, Cabot Case 20521, New England J Aled 211 1215, 1934 



676 


ARCHIVES OF INTERNAL MEDICINE 


bosis was lecognized only by careful study of a senes of micioscopic 
sections Eppingei likewise discussed the influence of venous stasis 
and the Staiiungsunh at length Rousselot lepoited that the charac- 
teristic microscopic changes m the spleen veie scarring and the 
obhteiation of the usual architecture The cellular elements m both 
red and white pulp weie deci eased The fibiosis included capsulai 
and tiabeculai thickening together with mteistitial flbiosis and so-called 
fibioadenia of Banti There was a diminution m the number and 
in the size of the malpighian coipuscles 

Rousselot also emphasized the obseivation of dilatation and tortuosit} 
of the veins m the splenic pedicle, the veins sometimes dilating to two 
to foui times the normal diametei Such changes weie present in 
neaily all the cases reported by Rousselot, though m only half of them 
was there evidence of obstruction at the time of operation 

McMichael postulated the identit}^ of the siderotic nodule, the 
periarterial fibrosis and the Banti fibroadenia in the spleen He con- 
cluded that the vascular changes in the spleen and the concomitant 
endophlebitis were due m part to an increase in the portal pressure 
He also repoited that micioscopic oi clinical evidences of hepatitis 
could be demonstiated m many cases in wdnch theie w'as no obvious 
cirrhosis His expeiimental studies on cats "■* showed that the injection 
of epinephrine pioduced vasoconstriction of the mtrahepatic branches 
of the poital vein, with a consequent rise m the poital piessuie Such 
observations are important, for some such mechanism acting in response 
to humoial or nervous stimulation may be responsible foi increases 
m portal piessuie in the absence of anatomically demonstiable 
obsti uction 

The similant) of the pathologic changes m the spleen in cases of 
Banti ’s syndrome wnth those produced by expeiimentally induced venous 
congestion in animals as reported by McMichael ’■* and Jager affords 
indirect evidence foi the existence of poital congestion in these cases 
Numerous investigatoi s, including Cainot, Gayet and Merklen,®^ have 
measured the venous pressure in the portal vein in expeiimental animals 

88 Rousselot, L M The Role of Congestion (Portal H 3 ’^pertension) in 
So-Called Banti’s Syndrome, JAMA 107 1788 (No\ 28) 1936 

89 McMichael, J The Pathology of Hepato-Lineal Fibrosis, J Path & Bact 
39 481, 1934 

90 Jager, E Ueber Stauungsmilz, Yerhandl d deutsch path Gesellsch 
26 334, 1931 

91 Carnot, P , Gayet, R , and Merklen, F P Exploration graphique des 
modifications de la pression veineuse porte liees a des excitations \aso-constrictives, 
Compt rend Soc de biol 104 1260, 1930 
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Thompson and his associates have extended these studies to man 
They determined the pressure m the splenic ^ein at operation by diiect 
venipunctuie aftei the opeiative deliver}'- of the spleen and befoie liga- 
tion of any of the larger -vessels In 3 cases of typical hemolytic 
jaundice the pressure m the splenic vein did not rise abo^e 125 mm of 
saline solution In 8 cases m which there vas the clinical syndrome 
of portal hypei tension, the pressure in the splenic lein ranged from 
250 to 500 mm of saline solution The venous pressuie m the ante- 
cubital veins, taken at the same time, ranged from 12 to 140 mm Five 
of the cases of portal hypertension were due to the Laennec type of 
portal cirrhosis and 3 to cirrhosis from chronic schistosomiasis It is 
to be hoped that studies such as these will be extended They affoid 
a direct measurement of the poital pressure in man vhicli is obtainable 
111 no other vay By demonstrating the piesence of an inci eased 
pressui e in the splenic i em m cases of the so-called syndrome of portal 
hypertension they have gone far in establishing the validity of a 
clinical picture which vas established oiigmally on a basis of logical 
deduction from indirect evidence 

The factor of venous stasis apparently does not explain the whole 
of the reaction of the spleen to venous congestion oi the production of 
the associated clinical and hematologic pictures Obstruction of short 
duration will not cause continued splenic enlargement, and Warthm'’^ 
vas unable to produce permanent splenomegaly by ligation of the splenic 
vein The spleen may be enlarged in cases of cardiac failuie but rarely 
to such degree that it is palpable below the costal margin Possibly 
this is due to the relative short duration of the cardiac type of chronic 
passive congestion, for Larrabee considered five to six years the mini- 
mum time necessaiy for the production of the typical syndrome 
W ohlwill emphasized the fact that definite splenic thrombosis is not 
always accompanied by splenomegaly 

Jager°® remarked that recent work on the “reserioii function” of 
the spleen has shovn great variation in different animal species as to 
the ratio between the capacity of the distended spleen and that of the 
contracted organ It is therefore impossible to apply the experimental 
figures obtained foi loner animals directly to man An approximate 

92 Thompson, W P , Caughej', J L , Whipple, A O , and Rousselot, L M 
Splenic Vein Pressure in Congestne Splenomegalj’- (Banti’s Syndrome), J Qm 
Investigation 16 571, 1937 

93 Warthin, A S The Relation of Thrombophlebitis of the Portal and 
Splenic Veins to Splenic Anemia and Banti’s Disease Internat Clin 4 189, 1910 

94 Wohlwill, F Ueber Pfortadersklerose und Bantiahnliche Erkrankungen, 
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estimate of the effect of acute venous congestion on the human spleen 
may be obtained by distending the noimal organ with saline solution 
The distended spleen may triple its oiigmal weight, and it is unlikely 
that chronic venous congestion pioduces a greatei degree of enlarge- 
ment On this assumption an aveiage iioimal adult spleen weighing 
150 Gm could enlaige to 450 Gm in i espouse to chionic congestion 
The finding of additional piohferative changes in larger spleens than 
this led Jagei to suggest that while congestion alone would not produce 
marked splenomegaly (ovei 400 Gm ) in an adult, it might initiate a 
senes of additional pathologic changes to account for further increase 
111 the size of that oigan Johnston®® added that the age of the patient 
often determines the degiee of splenomegal}^, for when an obstructive 
factor IS present the splenomegaly is greatei m the younger patients 
It must also be lemembered that the clinical degiee of splenomegaly is 
variable The spleen will cease to be palpable dining oi immediately 
after a gastric hemoirhage, only to enlaige again after its cessation or 
after a transfusion This is a clinical obseivation of some importance 

BLOOD FLOW IN THE PORTAL VEIN 

The anatomic aiiangement of the vasculai supply within the liver 
has been studied in detail since the observations of Ghsson and 
othei early anatomists The profuse natuie of the vasculai suppl)'’ has 
best been shown by the studies of Cophei and Dick,®® who found that 
the volume of the poital blood flow in dogs coriesponds to 60 cc of 
blood per minute pei hundred giams of Inei Higgins, Mann and 
Priestley®® said they considered this of fundamental impoitance, foi 
they showed that while in noimal animals hepatic tissue is legenerated 
lapidly aftei stiigical excision, the piesence of an Eck fistula pi events 
such regeneiation Fuitheimore, m fowls, in which theie is free porto- 
caval communication, excision of pait of the liver does not lead to rapid 
regeneration of the lemaining portion They concluded, theiefore, that 
the necessity of pioviding a capillaiy bed adequate to take caie of the 
large portal blood flow is one of the essential factors in producing 
regeneration of the hvei in normal expeiimental animals 

96 Johnston, J M Relation of Changes in the Portal Circulation to Spleno- 
megaly of Banti’s Type, Ann Int Med 4 772, 1931 

97 Ghsson, F Anatomia hepatitis. The Hague, Arnold Leers, 1681, pp 349- 
350, figs 1 and 2 

98 Copher, G H , and Dick, B M “Streamline” Phenomena m the Portal 
Vein and the Selective Distribution of Portal Blood in the Liver, Arch Surg 
17 408 (Sept ) 1928 

99 Higgins, G , Mann, F C , and Pi lestley, J T Experimental 
Pathology of the Liver X Restoration of the Luer of the Domestic Fowl, 
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111 man the blood flow thiough the poital lein has not been studied 
diiectly Glenard/”® in 1890, obseived that ceitain diseases haie 
predilections for one lobe of the liver or the othei Tumor metastases, 
foi example, sometimes affect one lobe to the exclusion of the other 
Glenard therefoie postulated diffeiences between the right and the left 
lobe of the liver 

Physiologic diffeiences between the two lobes were demonstrated by 
Gopher, Dick and Koechig,’®^ who showed that the light lobe of the 
liver pioduced a greater volume of bile per giam of hepatic tissue than 
did the left lobe but that the latter produced a more concentrated bile 

A partial anatomic explanation was affoided by Mclndoe and Coun- 
seller, who studied the vascular supply of the liver by means of 
coirosion methods They found that the light and the left blanches 
of the portal vein supply sepaiate portions of hepatic tissue, with no 
mtercommumcation The two poitions are shaipl}^ divided by the 
embryologic boundary between the right and the left lobe, which lies 
along a line fioni the fossa of the gallbladdei to the enhance of the 
hepatic veins into the vena cava 

That there might be a similar separation in the distiibution of blood 
flowing into the portal vein fiom the diffeient blanches was fiist demon- 
strated by Serege,^°® in 1901 He injected india ink into the splenic 
vein of a dog and found that it was deposited only in the left lobe of 
the hvei Bartlett, Coiper and Long injected emulsified olive oil 
into the splenic vein and likewise found that it was deposited in that 
area They suggested that this specific distiibution might be due to 
"sti eamlinmg” of the blood fiom the diffeient tiibutaiies of the poital 
vein 

Cophei and Dick studied this phenomenon by the injection of a 
solution of trypan blue, which provides immediate visualization of the 
stained area They were able to demonstrate at least three sepaiate 
curients in the poital vein, coming from the splenic and fiom the large 
and the small mesenteric veins, respectively Blood from the spleen, 
stomach and colon was distiibuted to the left lobe of the liver Blood 

100 Glenard, F Des resultats de Texploration du foie chez les diabetiques, 
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Surg 15 589 (Oct) 1927 
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from veins diaimng the duodenum, pancreas and jejunum, thus including 
those sections of the intestinal canal pnmaiily concerned in the digestion 
and absoiption of foodstuffs, drained only into the right lobe of the 
liver 

The question of “streamlining” in the venous system has been studied 
even more extensively by Fianklm and McLachhn,^®'’ who have demon- 
strated this phenomenon m other veins beside the portal 

The technic of roentgen cinematographic methods applicable to the 
study of the circulation was developed by Naegeli and Janker,^““ and 
the methods have been desciibed by Janker Franklin and Jankei 
applied these methods to the study of blood flow in the portal 
and hepatic veins of animals They found that duiing inspiration the 
blood flow fiom the livei into the hepatic veins is inci eased and that 
there is simultaneous blockage of the return along the lena cava, for 
the shadow cast by the intrahepatic portion of the inferior vena cava 
was nai rowed duiiiig inspiration This apparent nai rowing indicated 
eithei actual compression of the vessel or else displacement of the caval 
flow by the influx of a stieamhned flow from the hepatic veins 

COLLATERAL CIRCULATION 

Acute and complete occlusion of the portal vein is incompatible ^Mth 
life, whether observed m patients as a result of thiombosis or produced 
experimentally m animals, as reported by Boyce, Lamport and McFet- 
ridge Paitial occlusion is not If the occlusion is produced so 
gradually as to peimit the development of venous collaterals, it may 
become complete without a fatal termination 

The couise and the extent of the collateral ciiculation which de^elops 
in consequence of poital obstruction or h3’-pertension are well known 
The cutaneous vessels over the abdomen and back become distended 
and in extreme cases may go on to the formation of true caput medusae 

105 Franklin, K J , and McLachlin, \ D Streamlines in the Abdominal 
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J Physiol 81 434, 1934, Respiration and the Venae Cavae, ibid 86 264, 1936, 
The Effect of Respiration upon the Circulation Through the Liver, as Studied bv 
Means of X-Ray Cinematography, ibid 89 160, 1937 

109 Boyce, F F , Lampert, R , and McFetridge, E M Occlusion of the 
Portal Vein Experimental Study with Its Clinical Application, J Lab & Clin 
Med 20 935, 1935 




682 


ARCH IT' ES OF INTERNAL MEDICINE 


The presence of \enoiis distention in the Jatter condition is obvious, 
but the initial stages of the development of a collateral circulation often 
require caieful examination foi their lecognition In such cases the 
use of infra-red photography is a A^aluable clinical adjunct This was 
intioduced by Rawling,’-^*’ who pointed out that the maximal spectral 
transmission of light ra3’’s by the skin takes place in the infra-red zone 
When A^enous congestion is piesent the Aeins are distended, and the 
contained blood is moie A’-enous in character When photographed b} 
the infra-red method, the veins therefore stand out more vnudly than 
normal Barker and Juhn,^*^ Payne,”- Jones and others haA'e 



Fig 6 — The collateral venous circulation over the abdomen in a case of portal 
cirrhosis with ascites A, photographed bv the ordinary method , B, photographed 
by the infra-red method (authors’ case) 

used this method foi studying supeificial Aenous distention, such as 
accompanies poital hypei tension 

110 Rawlmg, S O Infra-Red Photographv, London, Blackie 6L Son, Ltd 
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Lancet 1 235, 1934 
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VENOUS BRUIT 

When the collateral circulation is veil de^ eloped a soft continuous 
bruit or hum may occasionally be heard o\ev the abdomen, usuall} it 
IS heard in the neighborhood of the xiphoid oi of the umbilicus First 
reported by Pegot,^^^ Bamberger and Tiousseau^^" it vas later dis- 
cussed 111 detail b} Thayei Bates recentl)’- reported a case in 
vhich the biuit vas heard at about the level at vhich the vena cava 
pierces the diaphragm He, like Piazza-Martmi,^-® concluded that this 
bruit vas due to constriction of the inferior vena cava m its passage 
thiough the liver Kenawy reported 6 additional cases of bilhaizial 
cirrhosis in v Inch a venous hum was present In all the murmur was a 
localized continuous venous hum, fiequently accompanied with a thrill 
It was loudei vhen the patient was sitting or standing than when he 
was recumbent It vas not associated vith any primaiy cardio\ asculai 
abnoi mailt} There vas no relation between the intensity of the bruit 
and the presence of ascites oi anemia In one case the muimtii dis- 
appeaied aftei splenectom} Kenavy concluded that this probably was 
due to the se^elance of some ^enous communication at the time of 
operation In the majority of cases it seems as if the nature and the 
position of the hum were detei mined by the location and the charactei 
of the ^enous collateials rather than by ca\al obstiuction 

ESOPHAGEAL VARICES 

The development of esophageal varices in cases of hepatic cinhosis 
oi of portal hypertension is veil knovn, as is the dangei of seiious 
oi fatal hematemesis from the luptuie of such a varix Plotz and 
Reich have consideied this subject m some detail and have empha- 
sized the impoitance of the eaily demonstration of such -Nances in the 
diagnosis of portal hypertension 

115 Pegot Tumor ^anqueuse, a\ec anomalie du sj^steme veineu\ et per- 
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The anatomy and pathogenesis of esophageal varices have been 
studied carefully by Kegaiies The anastomosis on the portal side 
IS composed of vessels from the coionaiy vein oi veins and fiom the 
left gastioepiploic veins and the vasa brevia, which foim a cardiac rete 
in the uppei thud of the stomach This second group of vessels is 
especially invohed in some cases of splenic disease and may explain 



Fig 7 — Roentgenographic demonstration of tlie esophageal varices in a case 
of portal cirrhosis (authors’ case) 

the hemoiihage that occasionally follows ligation of the coronar}^ vein 
or splenectomy At the caidia the veins are suppoited by a thick 
muscularis mucosae, and the mucosa is closely adherent to the sub- 

123 Kegaries, D L Venous Plexus of the Esophagus, Surg, Gjmec & Obst 
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mucosa In the lo^\est thud of the esophagus the iich ^enous 
anastomosis of the submucosa is pooily supported b} connectne tissue 
and hence is a most favoiable site for the foimation of -vaiicosities 

The presence of esophageal nances ma} lie inferred fiom hema- 
temesis or may be demonstiated either by esophagoscopic ’ oi loent- 
genograpbic methods 



Fig 8 — Roentgenographic demonstration of the esophageal varices in a case 
of portal cirrhosis (authors’ case) 

The lattei method is inci easing in faAOi and has been leported on 
by Schatzki,^-® Oppenheimer and Brdiczka and Tschakert^-' Thiee 

124 Mo}er, S J Esophagoscopic Stud\ of Esophageal Varices, Arch Oto- 
larj'ng 10 409 (Oct) 1929 

125 Schatzki, R Relief Studies of the Normal and Abnormal Esophagus, 
Stockholm, P A Norstedt &. Soner, 1936 
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stages have been i ecogni^ed in the roentgenologic studies, although these 
sometimes meige into each othei oi may be seen on the same plate 
(1) the eaily stage, maiked by a slight and diffuse venous congestion, 
lesultmg in model ate broadening of the lugae of the louei pait of the 
esophagus, (2) beginning dilatation of larger individual veins \\hich 
emeige fiom the submucosa and aie maiked by small lounded defects 
seen m the lelief of the lowest poition of the esophagus, and (3) gen- 
eialued enlaigement of numeious veins which encioach on the mucosa 
In the lattei peiiod the typical leimifoim “negatne shadow's,” or 
spaces, piedommate Successful Msuahzation depends on several fac- 
tois The films should be exposed dining foiced inspiiation, as the 
\aiices aie distended at that time They aie seen most easily during 
the shoit mteival between sw’allowing and complete emptying of the 
esophagus The delay in the passage of the baiium sulfate meal through 
the esophagus langes fiom a second or two m eail}' stages of congestion 
to seveial houis in the latei stages, with supei imposed cardiospasm 
The esophageal stasis may be pioduced eithei by the mechanical obstruc- 
tion of the A'aiices oi by the caidiospasm The piesence of food pai tides, 
polyps, a malignant giowth, syphilis oi cardiospasm must be excluded 
111 making a differential diagnosis All these can usuall} be excluded 
on loentgenogiaphic evidence alone The development of the roentgen 
diagnosis of esophageal laiices is one of the most significant lecent 
advances in the diagnosis of conditions associated with poital hypei- 
tension ^ 

SLRGICAL TREATMENT OE ASCITES AND HEM \TEMESIS 

Theie have been a multitude of attempts by suigeons to lelieve the 
ascites and piei'ent hematemesis in cases of hepatic cirrhosis and poital 
hypei tension These have been leiiew'ed by Zechel in some detail 
The main lines of suigical attack which have been suggested, eithei 
singly 01 in combination, aie 

1 To piomote drainage of the ascitic fluid out of the abdominal 
cavity into the bladdei, pleuial cavity, lumbai musculatuie, subcutaneous 
tissues 01 lymphatic oi venous system by a variety of mechanical devices 

2 To establish a venous shunt aiound the Inei by direct anastomosis 
between the poital vein and the infeiioi vena caia fEck fistula) oi 
then blanches 

3 To fuithei the deielopment of a collateial cii dilation bi' vis- 
ceiopexy oi omentopexy This is one of the simplest opeiations from 
the standpoint of the surgical technic involved and thus far has been 
one of the most popular In man)' cases the results aie disappointing, 

128 Zechel, G Cirrhosis of the Liver as a Surgical Problem, Illinois M J 
70 560, 1936 
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but biilliant exceptions occui GnnnelP-^ repoited that he had per- 
foimed omentopexy m 23 cases of portal cirrhosis amIIi satistactoiy 
lesults in 10 

4 To deci ease the poital blood suppl} by vasculai ligation Splenec- 
tomy IS the most populai opeiation of this type and is leplacmg ligation 
of the splenic vessels, though Watson has lecommended the lattei 
The types of cases reported aie so vaiied and the expeiience of any 
mdnidual surgeon is so slight that it is difficult to evaluate this opeiation 
fiom a study of the hteratuie Pemberton lepoited that its \alue 
nas established in the Banti syndrome, oi splenic anemia The lesults 
of splenectomy aie less satisfactoiy when splenomegaly is complicated 
by well defined hepatic cinhosis Occasionally reco\eiy is obtained 
m apparently hopeless cases, as in the one repoited by Deaver and 
Reimann Mandel and Maicus^“^ said they weie encouiaged by the 
lesults of splenectomy as a means of preventing gasti ointestinal hemoi- 
ihages m cases of portal ciiihosis Mayo,^'*'* on the othei hand, found 
that, m general, the lesults aftei splenectomy w'eie no bettei than those 
aftei omentopexy Walters, Rowmtree and Mclndoe tiled to i educe 
the local blood flow' and piessuie m the esophageal plexus and so 
pieAent the luptuie of esophageal varices and resultant hematemesis by 
ligation of the coronaiy vein of the stomach In a few' cases the lesnlts 
were satisfactoiy, but the leported senes w'as small Venous connec- 
tions betw'een the spleen and the greater curvatuie of the stomach oi 
laige veins extending from the spleen along the under suiface of the 
diaphragm may serve to provide an oversupply of blood to esophageal 
^arlces and produce recuiient hemorrhage after ligation of the coionaiy 
1 ein It seems probable that if this operation is to be successful it must 
be combined with splenectomy, at least m certain cases 

5 To diminish transudation fiom the portal system into the perito- 
neal cavit}' and obliterate pait of the portal bed by resection of a poition 
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of the intestine Fullei and hei associates^**® lepoited a case in which 
the operation was successfully peifoiined and the patient ■\\as free fioin 
ascites twenty-nine months aftei the resection ot slightly less than 7 
feet (213 cm ) of small intestine This is a most ladical piocedure, 
and the readei is lefeiied to then aiticle foi the aiguments wheieb} 
they seek to justify its use 

One of the reasons wh} splenectom} has not been more populai 
in the tieatment of poital hypei tension and ascites has been the dangei 
of postopeiative thiombosis Rosenthal***’' found gieat difteiences in 
the numbers of blood platelets and concluded that splenomegal> in pait 
ma)'^ lepiesent an attempt to legulate the distiibution of platelets He 
furthei divided his cases with regard to thiombopenia and thrombo- 
cythemia The piognosis was bettei in association ^\lth the former, 
and postoperative thiombosis was fiequent in association vith the 
lattei Evans *'*® lepoited confiimaloiy lesults, while Giaham Bnce*®® 
and Rousselot did not find a coi relation betw een the initial platelet 
count and the postopeiative course IMooie**® Englcbi eth-Holm, and 
Smith and Farbei *** likewise repoited cases which seemed to lefute 
Rosenthal’s hypothesis Furthei stud} along this line, w'lth a search 
for bettei pieopeiatne piognostic criteria, is uigenth indicated 

Another possible solution of the pioblem of postopeiative throm- 
bosis has been suggested b} the woik of Best and his colleagues,*’*- 
wdio have prepaied hepaiin w’lth a puiity suitable foi lntla^enous use 
111 quantity The use of such a pieparation to lendei the blood 
incoagulable oi slowl} coagulable, as suggested b} Hedenius and 
Wilander,“® promises to be of value in pi eventing thiombosis not 
only after splenectomy but aftei a wide lange of suigical pioceduies 
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ACCESSORY FACTORS IN THE PRODUCTION OF ASCITES 

While the piesence of mechanical obstruction to the passage of 
portal blood thiough the cirrhotic liver, with resultant portal hyper- 
tension, IS universall} accepted as a factor, it is doubtful if it alone is 
sufficient to account for the production of ascites We have previously 
stressed the importance of accessory factors in the pioduction of ascites, 
but the assignment of the role played by each is difficult Chronic 
obstiuction of the portal vein will not produce permanent ascites It 
IS likely that sufficient additional obstiuction to pioduce tempoiary 
ascites results vhen the paitial obstruction of ciirhosis is augmented 
by passive congestion, vasomotor disturbances, cloudy swelling of the 
hepatic parenchyma, serous hepatitis or thrombosis of the portal ladicles 
in the liver Chronic perihepatitis oi peiitonitis is a fiequent con- 
comitant of ciirhosis and may be responsible for some of the ascites 
Toxic factois have been described as responsible for the development 
of ascites These as }et undefined toxins may act either by inci easing 
the degree of portal obstiuction or by changing the capillary peimea- 
bihty of the portal aiea, thus allowing the transudation of a gi eater 
amount of fluid or interfeiing with its lesorption 

The efitect of changes in the serum protein is better understood 
This subject was reviewed a }ear ago by Greene, Handelsman and 
Babey They refen ed to the accumulated literatuie indicating that m 
hepatic disease and especially m cirrhosis there is a reduction in the 
serum protein content The frequency with which the Takata-Ara 
and similar tests give positive results indicates that there is a con- 
comitant change in the serum pioteins This is also shown by the 
change in the viscosit} of the blood serum repoited by Kaunitz and 
Kent Fuithermore, the expeiiments of Butt and Keys and of 
Snell showed that not only is the serum protein value decreased in 
cases of cirihosis but there is a disproportionate reduction in the col- 
loidal osmotic pressure This change is in a direction which directly 
favois the production of ascites Further evidence of the change in 

144 Ucko H Serum Test for Diagnosis of Lner Disturbances, Guj’s 
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the jDrotem value has been furnished b) KendalP'*® He has analyzed 
human serum by means of specific antiserums and has found that the 
globulin fi action can be separated into at least two fractions wdiich have 
distinct antigenic propeities Noimal seium contains betw^een 1 1 and 
2 1 pel cent of alpha globulin and between 0 4 and 1 per cent ot 
glohuhn X In patients wnth ciirhosis both the quantities and the pro- 
portions of these twm aie markedl) changed fiom the normal It is 
to be hoped that fuither woik along these lines may clarify the role 
of changes in the seium piotein values in the develoment of ascites 

148 Kendall, F E Studies on Seium Proteins I Identification of a Single 
Serum Globulin bj' Immunological Means, Its Distribution m the Sera of Normal 
Individuals and of Patients with Cirrhosis of the Lner and with Chronic 
Glomerulonephritis, J Clm In\cstigation 16 921, 1937 



News and Comment 


Congress of American Physicians and Surgeons — The sixteenth session 
of the Congress of American Ph 5 'sicians and Surgeons ill be held m Atlantic 
City, N J, Afay 3 and 4, 1938 The congress is made up of the following con- 
stituent societies and of guests specially muted by the executne committee the 
American Otological Societj, American Neurological Association, American 
Gynecological Societ}’’, American Larj ngological Association, American Surgical 
Association, American Clinical and Climatological Association, Association of 
American Physicians, American Association of Gemto-Urinarj Suigeons, Amer- 
ican Orthopedic Association, American Pediatric Society, American Association 
of Pathologists and Bacteriologists and American Dermatological Association 
All physicians are invited to attend the meetings of the congress and the public 
meetings of the societies, but only physicians wdio are members, speciallj mi ited 
guests or visitors accredited through members of the Constituent societies mai 
register The registration office wnll be m the parlor of Haddon Hall (head- 
quarters hotel) Members and accredited visitors w ill be asked to pa> a registra- 
tion fee of S5 , invited guests wnll register but w'lll not pay the registration fee 
A copy of the published transactions of the congress will be sent to all members, 
invited guests and accredited visitors wdio register The president of the congress. 
Dr James B Herrick, wnll deliver an address on Tuesday evening, Alay 3, in 
the Vernon Room of the headquarters hotel, and ladies, guests and Msitors are 
invited to attend A reception for the president will be held immediatelj there- 
after Further information may be procured from the chairman of the committee 
of arrangements. Dr J Torrance Rugh, 912 Medical Arts Building, Philadelphia 

American Association for the Study of Goiter — It is announced that the 
Third International Goiter Conference is to convene in Washington, D C , Sept 
12 to 14, 1938 The official language of the conference wnll be English Intel - 
preters wnll be furnished for authors reading papers m other languages 

Any one desiring to participate in the program is requested to submit the title 
of his paper at his earliest convenience All papers and discussions piesented at 
the meetings are to be published m extenso m the form of transactions 

Further information concerning the confeience can be secured bj communicating 
w'lth the officers of the American Association for the Study of Goiter or with the 
chairman of the program committee, Dr Allen Graham, 2020 East Nmeti -Third 
Street, Cle\ eland 

American Heart Association — The fourteenth scientific session of the 
American Heart Association wnll be held on June 10 and 11, 1938, from 9 30 
a m to 5 30 p m , in the Sir Francis Drake Hotel, San Francisco On Fridai 
June 10, the general program on the heart will be gnen, and on Saturdaj, June 11, 
the program of the Section for the Studi’- of the Peripheral Circulation will be 
presented 

Gesellschaft fur Verdauungs- und Stoffwechselkrankheiten — The foui- 
tcenth meeting of the Societi for Digestne and Nutritional Diseases will take place 
Sept 22 to 24, 1938, m Stuttgart under the presidenci of Prof Grafe, of Wurz- 
burg, in connection with the meeting of scientists The preliminari program is 
to include w'orks on lipoidosis, gh cogen storage disease, modern insulin treatment, 
pancreatitis and gastrointestinal autointoxication 



Book Reviews 


Radiation Therapy Its Use in the Treatment of Benign and Malignant 
Conditions By Ira I Kaplan, B S , M D Price, '?10 Pp SSS, with 198 
illustrations New York Oxfoid University Press, 1937 

This book IS based on the author’s experience in the use of radiation therapy 
in the treatment of benign and malignant diseases and on his wide knowledge of 
the literature as editor of the therapeutic section of the “Year Book of Radiology ” 
While considerable detail has necessarily been omitted, a comprehensive and prac- 
tical survey of the fields of radium, roentgen and electrosurgical therapj in the 
tieatment of various pathologic conditions is included in this ivork 

The first fi\e chapters deal with the historical development, phjsics, dosages 
and general considerations of radiation therapy The next fifteen chapters are 
concerned with the pathologic conditions of the \arious special sj stems m w'hich 
radiation therapy is employed Chapter 21 is de\oled to the complications and 
injuries following irradiation and contains timely warnings of value to all who 
use the various agents A short discussion of the relation of trauma to cancer 
IS included in the next chapter The author’s chapter on the nursing care of 
the patient with a malignant condition deals with the preparation and care of the 
patient before, during and after irradiation He stresses the importance of the 
psychologic approach of the nurse toward the patient The final chapter includes 
lecommendations regarding the equipment needed for a department of radiation 
therapy 

In the discussion of each pathologic condition, brief descriptions of the clinical 
and of the pathologic picture of the lesion are included The relation of special 
pathologic features and lymphatic drainage in malignant conditions to the form of 
therapy recommended is also considered The various forms of therap} available 
and the indications for each type are discussed Of special value is the considera- 
tion of the relation and importance of coordination of surgical, electrosurgical, 
roentgen and radium therapy The discussions of the -various technics are clear 
and may be duplicated by the experienced radiologist 

This book IS well illustrated, readable, concise and practical A short bibli- 
ography IS included at the end of each chapter, and this feature should prose 
saluable for reference purposes 

Die experimentellen Grundlagen der Erkennung und Behandlung der 
allergischen Krankheiten By Paul Kallos and Liselotte Kallos-Deffner 
Pp 307, with illustrations Berlin Julius Springer, 1937 

These writers review the literature on the theory of allergy and describe some 
experiments of their owm on the production of bronchial asthma in guinea pigs 
They argue that allergy is simplv a special type of antigen-antibody reaction of 
a predorainantij' local nature They are satisfied that the product of this reaction 
w'hich causes the symptoms is a histamine-Iike compound For therapy, the usual 
measures — specific desensitization, calcium preparations, atropine preparations and 
epmephnne-like substances — are deemed to be rational The monograph is more 
a review than a presentation of novel ideas 
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Although theie are at present in the neighborhood of two bundled 
leported cases of arachnodactyly, the syndrome is little known to the 
membeis of the Ameiican medical piofession Most of the literatuie 
IS in French or German, and m this country few but ophthalmologists 
aie familiar with the condition Since arachnodactyly should interest 
orthopedists, pediatricians and physicians in general, as well as ophthal- 
mologists, we wish to summarize its characteristics and lepoit two 
cases with particular reference to the medical complications 

Desciibed first, in 1896, by Marfan^ as “pattes d’araignee” or 
“dohchostenoniehe,” the condition acquired the more familiar name 
ai achnodactyly (spider fingers) from Achard ^ in 1902 The first case 
lecognized in America was described by Piper and Irvine- Jones,® in 
1926 Compi ehensive articles on arachnodactyly have been published 
by Young,^ Ormond,® Weve,® and Burch ^ The syndrome is familial 
and congenital, with the following major charactenstics 

1 Abnormally long gracile fingers and toes 

2 A decrease in the usual amount of subcutaneous fat 

3 Generalized underdevelopment of the musculatuie 

4 Relaxation of the ligaments 

From the Department of Medicine, Johns Hopkins Hospital 

1 Marfan, A B Un cas de deformation congeiiitale des quatre membres, 
plus prononcee aux extremites, caracterisee par I’allongement des os avec un certain 
degre d’amincissement. Bull et mem Soc med d hop de Pans 13 220-226 
(Feb 28) 1896 

2 Achard, C Arachnodactylie, Bull et mem Soc med d hop de Pans 
19 834-840 (Oct 10) 1902 

3 Piper, R K , and Irvme-Jones, E Arachnodactylia and Its Association 
with Congenital Heart Disease, Am J Dis Child 31 832-839 (June) 1926 

4 Young, AI L Arachnodactyly, Arch Dis Childhood 4 190-214 (Aug ) 
1929 


(Footnotes continued on next page) 
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In addition each of the following chai acteristics is found m 50 pei 
cent or moie of the cases 

5 Bilateial dislocation of the lens, with a ti emulous condition of 
the Ills (iridodonesis) and contiactuie of the pupil (not dilating nor- 
mally under the influence of ati opine sulfate) 

6 Congenital abnormalities of the stiuctuie of the heart 

7 Prominent ears 

8 A highly aiched palate 

9 A tendency to infantilism 

10 Kyphosis, scoliosis, defoimities of the sternum and asymmetry 
of the thorax 

11 Defoimities of the joints, especiall}^ of the feet, with associated 
contractures 

Mai fan’s syndiome is commonly noted in childien The diagnosis 
IS made almost at a glance The patient is usually tall and at the same 
time underweight for his age The extiemities are inci eased in length 
dispi opoi tionately to the statuie As Young'* has demonstrated, this 
IS due to a maiked inciease in length of the metacaipals, metatarsals 
and phalanges, without a proportional increase in the diameter of these 
bones Thus the hands and feet are abnoimally long and narrow 
Often the fingeis are slightly webbed At the same time the muscula- 
tuie of the aims and legs is markedly undei developed, and there is 
practically no subcutaneous fatty tissue As a result, all bony promi- 
nences aie marked, and emaciation accentuates the length of the 
extremities and enhances the slendei spidery appearance of the arms 
and legs To complete the picture, there is maiked hypermotihty of 
the joints of the extremities, owing to the lelaxation of the ligaments, 
the patella can be partially dislocated at will, and often the fingers can 
be contorted into giotesque positions There is no evidence of amyo- 
tonia, and the efficiency of the muscles is normal Frequently there 
are secondary contiactures Full extension of the fingers is sometimes 
impossible Flat foot, hammei toe and clubbing of the foot, similar 
to that seen m Friedreich’s ataxia, are all common Roentgenogiams 
of the skeletal system reveal long, nairow bones, with no evidence of 
periosteal bone formation commensuiate with the inci eased epiphysial 
activity, a finding contrary to that m aciomegal} Some authors 
describe evidence of actual decalcification, but the few studies m which 
the calcium and phosphoius metabolism has been leported have 

5 Ormond, A W The Etiology of Arachnodact 3 dy, with Special Reference 
to Ocular Symptoms, Guy’s Hosp Rep 80 68-81 (Jan ) 1930 

6 Weve, H Ueber Arachnodaktyhe, Arch f Augenh 104 1-46 (May) 

1931 

7 Burch, F E Association of Ectopia Lentis with Arachnodact 3 dy, Arch 
Ophth 15 645-679 (April) 1936 
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revealed no abnormalities In a few cases spina bifida occulta has been 
re\ ealed roentgenographicall} 

The patient, as a rule, is moderately dolichocephalic The large ears 
stand out prommentty , the auricular cartilage is often imperfectly 
developed and gives poor support to the soft tissue The face is long 
and thin, with a tendenc} to frontal bossing and piominence of the 
supraorbital ridges The palate is high, and the teeth are sometimes 
irregularly placed The jaw is long and often prominent and tends to 
droop, giving the subject a somewhat adenoid facies The long face 
and glasses, which many of these children must of necessity w’-ear, lend 
an air of premature senescence 

The eyes are deep set The ocular defect when present is charac- 
teristic and a great diagnostic aid, but it should be emphasized that it is 
not necessary for the diagnosis It consists of congenital bilateral dis- 
location of the lens, complete or incomplete and generally upw^aid When 
the lens is m the anterior chamber, glaucomatous phenomena are usually 
encountered The lens itself shows a diameter that is less than normal, 
and it tends to be spherical, perhaps because the defective suspensory 
ligament no longer exerts its usual centrifugal force Myopia is common, 
and vision is considerably impaired The ins is left unsupported by the 
lens, consequently, tremulous wavy motions of the ins are noted wdien 
the patient turns his e}es rapidly from side to side Unless obstructed 
by the displaced lens, the pupil is small and the reactions are limited, 
ostensibly owing to fibiosis of the ins rather than to a fault in the 
dilator muscle 

Probably as a result of the inadequate musculature and the liga- 
mentous relaxation, spinal k}phosis and scoliosis of a marked degree 
of severity are common Similarly the anteiior portion of the chest 
IS misshapen, wutli pigeon breast or funnel chest and asymmetiy of the 
two halves of the thorax 

Infrequently, the patient becomes cjanotic or djspneic on exertion 
and IS limited m his actnities on that account A histoiy of cardiac 
symptoms is not the rule, however On examination the caidiac dulness 
may or may not be inci eased In some cases there has been noted 
increased dulness to the left of the sternum in the second and third 
interspaces, and this increase in cardiac dimensions has been corroboi ated 
teleroentgenographically Interpretation of the cardiac shadow on 
the roentgenogram is usually difficult, how e\ er, owing to the presence of 
scoliosis and consequent asymmetry of the chest with displacement 
of the heart On auscultation, loud precordial s3^stoliC murmurs are 
common, in some cases loudest at the apex and in others at the base of 
the heart to the left of the sternum More rarely, presj stohc apical mur- 
murs or diastolic murmurs heard along the left border of the sternum 
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have been described These findings may suggest ihetimatic heart dis- 
ease, but three of the four patients who have come to autopsy have shown 
interauricular septal defects 

Finally, there is ordinarily a tendency to infantilism, with delayed 
development of secondary sexual characteristics, and often the basal 
metabolic rate is decreased Values as low as — 25 and — 30 per cent 
have been recorded, but in view of the striking abnormalities of bodily 
configuration found in arachnodactyly, it seems likely that an element 
of error may enter the calculation of the metabolic rate when the findings 
are referred to the usual caloric tables based on height, weight and sur- 
face area 

The disease is hereditary and has been thought to be tiansmitted 
as a dominant mendehan characteristic No definite racial proclivities 
have been described The disease has, until latel}', been known more 
generally to French and German physicians than to those of other 
countries, and therefore the majority of cases have been leported in 
families of European stock Arachnodactyly occurs m the Negro, we 
haA'^e recently seen a Negro and thiee of his children, all with dislocation 
of the lens and other stigmas The trait may be transmitted through 
either the mother or the father, consanguineous marriage was reported 
in few of the families In the majority of instances stigmas of the 
syndrome have been noted in a parent or in brothers and sisters of the 
patient when the family was large, only a few cases have been reported 
as isolated instances in a family The hereditary element becomes more 
apparent when it is realized that m large families formes frustes are the 
rule 

While it IS not uncommon for all the majoi characteristics of the 
disease to be found in a single case, more often one or moie of them 
are missing Probably the most common abnormalities are the tall 
emaciated figure, the long slender fingers and the deformities of the 
spine and chest, these changes being noted in almost all cases From 
combined statistics, the incidence of the other stigmas m patients AVith 
arachnodactyly is found to be somewhat as follows ectopia lentis in 
40 to 50 per cent, abnormalities of the external ear in 25 to 70 per 
cent and cardiac murmurs in 30 to 60 per cent Thus, although such 
striking abnormalities as bilateral displacement of the lens or a loud 
precordial systolic murmur often are absent, the finding of long gracile 
extremities and other pronounced stigmas is considered sufficient for a 
diagnosis of arachnodactyly, particularly if the missing traits are present 
in other members of the family The second of oui two patients showed 
only the typical extremities and scoliosis , there was no familial history 
of S)miptoms of arachnodactyly other than that a fiist cousin had 
arachnodactyhc fingers 
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The fingeis and toe’s are long at birth, and this featuie is usually 
observed by the parents The infant mortality for these patients is 
reputedly higher than it is for normal infants Throughout childhood and 
adult life the arachnodact 3 dic person has an inferior gross physical 
strength and is more often subject to infection of the upper respiratory 
tract and to other minor ailments The intellectual faculties aie normal 
As the growing child begins to walk and become more active, the 
deformities of the spine and chest develop When these are well 
established, they render intrathoracic disease additionally dangerous 
Pneumonia in particular is a scourge and is the commonest cause of death 
among these patients 

The etiology of aiachnodactyly is unknown and is vigoiously debated 
To early writers, before the hereditary nature of the disease was 
established, the charactei istic findings of ligamentous relaxation and 
congenital heart disease suggested a similarity to mongolism How- 
ever, the theory of faulty gestation after maternal repioductory fatigue 
has been discredited The arachnodactyhc person is now generally 
recognized as a genetic sport, vaiious mesodermal elements of the body 
structure having been affected in the early weeks of fetal life Thus 
Weve° would substitute the name congenital mesodeimal dystiophy 
for the less comprehensive teim arachnodactyly There is discussion, 
however, as to whether a puiely mesodermal fault could cause the 
defects often obseived m the suspensory ligament of the optic lens 
Fiangois,® while considering the dystrophy mesodermal, regarded the 
hypophysis as its specific cause and suggested that it may be a form of 
fetal gigantism Passow ° expressed the belief that the condition has a 
neurologic basis allied to that of syringomyelia, calling attention to the 
somewhat similar skeletal deformities noted in the so-called status 
dysraphicus sometimes associated with syringomyelia Young ^ observed 
that the symptoms of amyotonia congenita are occasionally associated 
with those of Marfan’s syndrome, and he postulated a common origin 
for the two diseases 

The foui patients that have come to autopsy offer no solution to the 
etiologic problem but coiroborate the presence of cardiac and pulmonary 
abnormalities Salle’s patient, a 6 week old boy, had an enlarged 
heart with a hypertrophied right ventricle and a patent foramen ovale, 

8 Frangois, cited Delord, E , and Viallefont, H Luxation hereditaire du 
cristallin et syndrome de Marfan, Bull Soc d’opht de Pans, January 1936, pp 
44-55 

9 Passow, A Analogie und Koordination \on Symptomen der Arachno- 
dakt 3 lie und des Status dj'sraphicus, Klin Monatsbl f Augenh 94 102-103 (Jan) 
1935 

10 Salle, V Ueber einem Fall von angeborener abnormer Grosse der Extrem- 
itateii, Jahrb f Kinderh 75 540-550, 1912 
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befoie death a loud s}stoIic murmur was heard at the apex and in 
the pulmonic aiea Theie ^^as a bony exostosis on the flooi of the sella 
turcica, but the hypoph}sis ^\as noimal save foi a diffuse increase in 
the numbei of eosinophilic cells Borgei lepoited an autopsy on a 
girl aged 1 yeai with physical findings typical of arachnodactyly, includ- 
ing a loud systolic murmui audible at the apex and at the base and 
transmitted all oaci the chest Necropsy revealed that the heart was 
of normal size, vith a patent foiamen ovale The middle lobe of the 
right lung was Aestigial In the anteiioi lobe of the hypophysis were 
seveial small cysts, and again the number of eosinophils seemed increased 
The third patient, lepoited on by Pipei and Ir\ine-Jones,“ was a girl 
of 21 months who had a systolic thrill and piesystohc and systolic mur- 
murs at the base of the heait Autopsy revealed a deficiency in the 
interaui icular septum The middle lobe of the right lung was extremely 
small , the left lung consisted of a single lobe The hypophysis was 
normal A fourth patient, soon to be leported on by Rambai and 
Denenholz, had no congenital caidiac oi pulmonaiy anomalies, and the 
hypopltysis was consideied noimaP- The fiist thiee patients died of 
pneumonia , none shov ed a congenital abnoi mahty of the cai diac valves 

In the absence of a satisfactor} explanation as to the cause of the 
disease, tieatment must be pin el} s}mptomatic Oithopedic exercises 
and braces may amehoiate the laiious skeletal defoimities, and suc- 
cessful removal of the dislocated lenses will, with propei coirection, 
restoie a fan degree of vision 

The tivo following cases of especial inteiest haie recentl} been 
studied by us 

Case 1 — Skeletal findings typical of aiaclinodactyly Acute iheinnatic fcvci 
Rheumatic heait disease zuith initial insufficiency 

F K , a 12 }"ear old bov, was admitted to the medical ser\ ice of the Johns 
Hopkins Hospital in September 1936, complaining of articular pains and epigastric 
discomfort His mother, an emigrant from Ukraine, had died at the age of 37 
of a renal disorder It was reported that she had long fingers and toes, a hunched 
back and normal eyesight The patient’s father and one brother were normal 
At birth the patient was noted to have long fingers and toes At the age of 2}^ 
years he was brought to the pediatric dispensary with Sjdenham’s chorea and w'as 
described as tall and undernourished There was lateral cur\ature of the spine 
but no thoracic deformitj’’ The heart was enlarged to the left, with a precordial 
svstohe murmur loudest at the apex The boy survived the chorea and two 
subsequent attacks of pneumonia but continued to be frail and suffered frequently 
from otitis media He w'as able to maintain a creditable standing at a rural 
school but W'as clumsy and not proficient at sports There was no complaint of 
dyspnea or cyanosis, and vision w'as normal He was admitted to the hospital at 
the age of 12 in his second attack of polyarthritis in three years 

11 Borger, F Ueber zw'ei Falle ion Arachnodaktyhe, Ztschi f Kinderh 
12 161-184, 1915 

12 Dr Rambar has given us permission to include this case in our series 
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Fig 1 (case 1) — Patient with arachnodactyly 



Fig 2 (case 1) — Feet of a patient \Mth arachnodactyly 
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On admission to the hospital he had obvious acute rheumatic fever, with a 
temperature of 101 2 F , a pulse rate of 132 and tj^pical subcutaneous rheumatic 
nodules over the Icnees and elbows He was tall, gaunt and emaciated (height, 
63^ inches [162 cm], weight, 71 pounds [32 Kg]) The fingers and toes were 
extraordinarily long, slender and slightly webbed There was marked thoracic 
scoliosis to the right, with flattening of the right anterior portion of the chest 
and depression of the sternum He walked awkwardly with inturned toes, there 
were bilateral pes planus and hallux valgus The musculature was poorly devel- 
oped but without evidence of amyotonia The patellar ligaments were lav The 
boy was dolichocephalic, with a long face and projecting ears 

Evamination of the eyes by Dr E Burch revealed no abnormality other 
than a slight refractive error 



Fig 3 (case 1) — Teleroentgenogram of a patient vitli arachnodactyly 

The heart was greatly enlarged, with the apical impulse m the posterior 
avillary line The first sound at the apev was loud, and the second pulmonic 
sound w'as accentuated There was a marked apical systolic thrill, and the accom- 
panying murmur, though audible all over the precordium, was most loud and 
rough at the apex Diastole w'as everywhere clear The heart shifted w'ell with 
a change of the patient's position 

The abdomen was not remarkable, the testes were m place m the scrotum and 
neurologic examination show'ed nothing abnormal 

The urinalysis and blood counts were normal save for mild anemia , the 
Wassermann reaction of the blood was negative The calcium content of the 
serum was 10 2 mg per hundred cubic centimeters The basal metabolic rate 
was -}-20 per cent 

In the electrocardiogram the P wave was large, and m lead III it w^as biphasic 

Roentgenogi ams showed that the sella turcica was slightly smaller than nor- 
mal The cardiac measurements were valueless because of thoracic scoliosis, 
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but there was definite prominence in the region of the pulmonarj' conus and left 
auricle The extremities were normal save for the unusual length and slimness 
of the phalanges, metacarpals and metatarsals 

After rest in bed and treatment with acetylsalicylic acid and digitalis the attack 
of rheumatic fever subsided, and the patient returned to school m four months He 
returned to the hospital in August 1937 m myocardial failure and died Permission 
for autopsy was not obtained 

Case 2 — Typical skeletal evidence of aiachnodactyly Pyopneiimothoiav 
D K , a 13 year old girl, entered the hospital in March 1936, complaining of 
pain in the right side of the chest The family was of German descent The 
parents and a younger brother were normal, but a first cousin on the maternal 
side had unusually long mobile fingers and had had two attacks of rheumatic fever. 



Fig 4 (case 2) — Showing the hypermobility of the joints in arachnodactyly 

without evidence of cardiac involvement At birth the patient was noted to have 
long fingers and toes and a pigeon breast, later scoliosis developed She was 
always thin and underweight, but her health otherwise was excellent She was 
active and enjoyed sports, capitalizing her double-jointedness for the amusement 
of her friends Her school record was excellent There were no ocular or cardiac 
complaints Four iveeks previous to her admission to the hospital pneumonia 
developed, and when the fever did not subside after eleven days, the physician 
tapped the right side of the chest While the needle was still in place, she 
experienced sharp pain and became short of breath She continued to have fe\er 
and pain in the right side of the chest 

On admission to the hospital she appeared acutely ill, pale and undernourished 
There were a spiking fever and typical signs of hydropneumothorax on the right 
She was exceedinglj thin, weighing onlj 71J4 pounds (32 5 Kg) and being 60 
inches (152 5 cm) tall, and had little subcutaneous fat The extremities were 
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long and gracile, and the spidery fingers and toes presented an extraordinary 
appearance There was remarkable hypermobihty of all the joints, enabling her 
to perform such double-jointed feats as laying the shaft of the thumb flat along 
the radius with the wrist either flexed or extended The skull was dolichocephalic, 
and the ears were prominent 

Examination of the eyes by Dr E Burch showed that they were essentially 
normal 

There were mild dorsal scoliosis to the left and pronounced pigeon breast 
The heart was displaced to the left but otherw'ise normal Secondary sexual 
characteristics were just beginning to develop 

The urinalysis and blood count were normal save for mild anemia and moderate 
leukocytosis associated with the infection The Wassermami reaction of the blood 
was negative Hydropneumothorax on the right was demonstrated roentgeno- 
graphically, with loculation of the fluid, the heart appeared normal Culture of 
the fluid aspirated from the chest show’ed Haemophilus influenzae and later 
Bacillus coll communis 

After a prolonged febrile course, rib resection was performed, and the child 
w'as discharged m good health after three and a half months in the hospital 


COMMENT 

These lepoits ate of interest not only because they exemplify 
arachnodactyly without ectopia lentis but because they describe instances 
of two medical conditions the association of wdnch with arachnodactyly 
IS perhaps of some significance The fiist child had such obvious evidence 
of rheumatic infection elsewhere that the caidiac signs weie attributed 
to mitral insufficiency, with possible early stenosis, even though under- 
lying congenital heai t disease was possible It is interesting that three of 
Burch’s eight patients w'ere said to have had rheumatism In one case 
a diagnosis of chronic adhesive pericarditis \vas made , in another there 
was a history of accentuation of caidiac symptoms after an attack of 
chorea, with the physical signs of mitral stenosis and aortic insuffi- 
ciency, and 111 the third the physical signs of a double valvular lesion 
were present In addition, the cousin of oui second patient, ivho had 
stigmas of aiachnodactyly, had had iheumatic fever in the past 
Roeslei,^® in his leview of hearts which showed as the chief congenital 
defect an interauricular septal defect greatei than 1 cm , found that in 
77 4 per cent thei e was also chronic valvulai disease, probably of rheu- 
matic origin Since patency of the interaui iculai septum is the com- 
monest caidiac anomaly m arachnodactyly, an increased incidence of 
iheumatic fevei in these cases becomes possible How^ever, the problem 
of the diffeiential diagnosis between congenital cardiac anomalies and 
possible superimposed iheumatic endocaiditis is of course so difficult 
that without a considerable series of autopsies no definite conclusions 
can be reached 

13 Roesler, H Interatrial Septal Defect, Arch Int Med 54 339-380 (Sept ) 
1934 
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The second child, with pyopneumothorax, may be considered as 
demonstrating the well substantiated proclivity to pulmonary disorders 
shown by patients with Marfan’s syndrome The susceptibility of these 
patients to pneumonia is constantly referred to in the literature The 
thoracic deformities, the anomalies in the arrangement of the lobes 
and the general frailty of these patients are usually given in explanation 
It seems logical that these characteristics should tend to make the 
disease more grave and its complications more frequent 

SUMMARY 

Two cases of arachnodactyly are reported with associated intra- 
thoracic disease, m the first case rheumatic endocarditis being present 
and in the second case pyopneumothorax The fiequency of pneumonia 
in association with this syndrome is emphasized, and it is remarked 
that a number of the patients have had rheumatic fever The charactei- 
istics of arachnodactyly from a general medical standpoint are reviewed, 
and it IS pointed out that the better known ophthalmologic complications 
occur only in about half the cases and aie not necessary for the diagnosis 
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The Striking alterations of the skeletal, muscular, dermal and 
nervous systems produced by a chromophilic adenoma of the pituitary 
body have been adequately described by many observers The changes 
produced in the cardiovascular system of patients with acromegaly, 
although the direct cause of death in the majority of instances, have 
been infrequent!}^ described and insufficiently studied We have been 
impressed b}’' the frequency with which weakness, syncope and the more 
common symptoms of cardiac failure have dominated the terminal 
clinical course in these cases This circumstance has often been 
neglected because attention has been fixed on the more spectacular 
features of the disease, especially the surgical aspects On this account, 
recent medical reports usually fail to describe adequately the changes 
in the cardiovascular system We have had occasion to study a small 
number of patients with acromegaly with reference to the cardiovascu- 
lar system both during life and at postmortem examination, and the 
lesults of these observations are embodied m this report 

The cause of the death of a patient with acromegaly, in the absence 
of intracranial complications, diabetes mellitus or a surgical procedure, 
IS a subject of considerable interest The progressive enfeeblement of 
the musculature and the ultimate onset of shortness of breath on the 
least exertion are in striking contiast to the appearance of great physi- 
cal strength presented by these patients This strange contiast was 
mentioned by Carlyle in his work entitled “History of Fiederick the 
Great” and is known to all those Avho have watched the progiess of the 
disease when unmodified by surgical or roentgen treatment 

Huchard,^ in 1895, reported his studies of thiee acromegalic patients, 
with autopsy records He stated that caidiomegaly might be part of gen- 
eral splanchnomegaly, it might be dependent on geneial arteriosclerosis 

From the Los Angeles County General Hospital 

Presented in abstract before the Association of American Physicians, Mav 
5, 1936 

1 Huchard, H Anatomic pathologique, lesions et troubles cardio-vasculaircs 
de I’acromegahe, J d praticiens 9 249, 1895 
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or it might be caused by deformity of the spine and of the thoracic cage 
He submitted his theories to Pierre Mane, who suggested that in acro- 
megaly there might be great hypertrophy of the ^\hole cardiovascular 
system and also hypertrophy of the elements of the sympathetic nenous 
system 

The best and earliest collected review was published by Fournier, - 
111 1896 He studied twenty-five collected recoids and called paiticulai 
attention to the clinical pictuie of heart failure in these cases He 
emphasized the importance of easy fatigability, leading to extreme 
asthenia, combined with periods of syncope which often preceded the 
appearance of symptoms of grave heart failure These symptoms were 
often associated with cardiomegaly and geneial splanchnomegaly, with 
the characteristic kyphotic deformity of the chest, with the high posi- 
tion of the heart and with variable degrees of arterioscleiosis 

Paviot and Beutter,^ m 1904, described the large heart and the 
hypertrophy of the individual muscle fibers of an acromegalic patient 
who died of heart f ailui e Labadie-Lagrave and Deguy * and Ales- 
sandri ° published records of two acromegalic patients with large heai ts 
One of these patients had hypertension, and the other had a satuinme 
nephropathy Humphry and Dixon,® m 1910, studied an acromegalic 
patient with a large heart, marked splanchnomegaly and heait failure 
associated with moderate hypertension They said they believed that 
they found a pressor substance in the in me The heait at autops} 
weighed nearly 1,300 Gm Lubarsch,'^ m 1912, and Grelher,® in 1914, 
discussed this phase of acromegaly m biief articles Ainslei,® m 1912, 
discussed the theories of splanchnomegaly in acromegaly and concluded 
that the cardiac hypertrophy was hormonal in oiigin rather than secon- 
dary to certain other features of the disease, such as arteiial hypertrophy, 

2 Fournier, J B C Acromegalic et troubles cardlo-^asculalres, Thesis, 
Pans, no 111, 1896 

3 Paviot, J , and Beutter, M Acromegalic , splanchnomegalie , gros coeur , 
mort par asystolie, Lyon med 36 1088, 1904 

4 Labadie-Lagrave and Deguy Associations morbides de I’acromegalie, Arch 
gen de med 1 129, 1899 

5 Alessandri, G Acromegalia con polso raro permanente cd enorme iper- 
tensione arteriosa, Pohclimco (sez prat ) 15 913, 1908 

6 Humphrj'-, L, and Dixon, W E A Case of Acromegalj with Hjper- 
trophied Heart Pressor Substances m the Urine, Brit AI J 2 1047, 1910 

7 Lubarsch, O Hypophjse und Akro- und Splanchnomegalie, Jahresk f 
arztl Fortbild 3 70, 1912 

8 Grellier, G L’appareil circulatoire au cours de I’acromegalie, Thesis, Pans, 
no 441, 1914 

9 Amsler, C Zur Lehre der Splanchnomegalie bei Akromegalie, Bcrl kim 
Wchnschr 2 1600, 1912 
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kyphosis and splanchnomegaly Eltester and Schroeder/® m 1914, 
discussed the pioblem of splanchnomegaly and reviewed the cardio- 
vascular symptoms in aci omegaly Bassoe stated that in acromegaly 
there is general dilatation of the blood vessels, with sclerosis and adrenal 
hyperplasia, and that a pressoi substance is present in the blood He 
said he believed that these factors aie of prime importance in the 
production of cardiac hypertrophy 

A few of the monographs dealing with acromegaly have discussed 
the alterations of the cardiovasculai system Sternberg stated that 
splanchnomegaly undoubtedly belongs to the phenomena of the disease 

By certain authors (Klebs, Dallemagne, Huciiard) the increase of the size of 
the heart so frequentl}' observed is considered as belonging to it The vessels, 
especially the arteries, are, as a rule, dilated and thickened The thickening affects 
all three coats True atheromatous changes may exist or may be altogether absent 
The changes in the vessels extend from the aorta and pulmonary artery up to 
the fine ramifications in the organs as already described in connection with the 
skin Examination of the thickened vessels shows increase of the endothelium 
of the mtima, decrease of the musculature and compensation by the cellular tissue, 
and increase of the adventitia According to Klebs, the dilatation is the primary, 
the active phase of the process, and the cellular tissue hyperplasia of tlie intima, 
with the consequent narrowing of the vessels, a secondary occurrence kluch 
may be said for the opposite opinion, that the dilatation is the secondary process, 
a result of the atrophy of the muscular and elastic tissue, and of their replacement 
by new-formed cellular tissue The heart is, as a rule, enlarged — atrophy is 
described only by Henrot — especially dilatation and hj pertrophy of the left ventricle 
As in almost all cases, disease of the vessels just described was present, the 
changes m the heart may be, without difficult}', conceived as a natural result 
Virga, Sigurini and Caporiacco have seen congenital narrowness of the aorta 

Steinberg also described the changes in the skin as follows 

The small vessels at once attract notice owing to the thickness of their walls 
and dilatation The enlargement and affection of the heart may be, accord- 

ing to Huchard, accounted for in three ways (1) by the splanchnomegaly, (2) bv 
the arterial sclerosis, (3) by the alteration in shape of the cavity of the chest 
Very frequently the sufferers show signs of insufficient cardiac action The 
colour of the face is more or less cyanotic, a certain amount of dyspnoea is always 
suffered from The general feebleness of the body, which is seldom wanting as 
the disease advances, is partly of cardiac action Fainting fits are frequent The 
disturbance of the circulation may be the most prominent condition in the disease 
the patient becoming more and more dyspnoeic, finally oedematous, at last confined 
to his bed, and sinks from cardiac failure 

10 Eltester and Schroeder Ueber einen Fall von Akromegalie und Splanch- 
nomegalie, Med Klin 10 1311, 1914 

11 Bassoe, P Acromegaly, in Endocrinology and Metabolism, New York, 
D Appleton & Company, 1922, vol 1, p 805 

12 Sternberg, M Acromegaly, translated by F R B Atkinson, London, 
H K Lewis, 1899 



C0URVILLE-MAS0N—HEAR7 IN' ACROMEGALY 


707 


j\Iane and Souza- Leite stated 

With regard to the vascular S 3 stem, important changes haie been noted The 
heart is increased in size This hypertrophy was more marked m Freund’s case 
than in that of Erb, in whose patient a systolic bruit was heard at the apex 

Hinsdale also discussed the subject He stated 

The lesions of the vascular S 3 'stem present three phases — dilatation of the les- 
sels, thickening of the walls, and obliteration of their lumen In the first instance, 
there is a simple cardiomegaly, accompanied exceptionally with insufficiency of 
the cardiac valves In the second, there is a true sclerotic myocarditis, a cardio- 
renal arteriosclerosis with what he (Fournier) terms a hypos 3 stole, a cardiac Iner 
with edema of the feet and albumen in the urine Thus the heart participates in 
the general growth In Osborne’s case it weighed 39 ounces 

Cushing and Davidoft leported the microscopic alteiations of the 
heait of one of then patients as follows 

Histological^’’, the muscle fibers appear to be greatly enlarged and the support- 
ing connective tissue markedly and diffusely increased There are occasional 
scarred patches in which atrophic muscle fibers are seen The larger blood vessels 
show some intimal thickening, the smaller ones are unaltered 

In this instance theie was maiked splanchnomegaly The heart weighed 
1,050 Gm and presented concentric hypeitiophy with little dilatation 
This patient died of heart failure These authois also discussed the 
heart in acromegaly as follows 

The largest recorded heart was also in Osborne’s case, with the amazing weight 
of 1275 grams, the next largest was in our Case 1 of 1050 grams, the next in 
Case 3 of 1000 grams These weights, needless to 533 ’’, have been taken with 
the hearts emptied Osborne’s patient died of cardiac failure, just as did our 
Case 3, but this is not true of Case 1 which, of the two, had the larger heart 
In Kraus’s case, the heart weighed 950, in Widal’s, 875, and in Paviot and 
Beutter’s, 830 grams , the only other examples exceeding 500 grams Several 
writers hav’e been particularly struck b 3 ^ the absence of v’alvular disease or arterio- 
sclerosis to which the huge hearts sometimes seen in acromegalics might be 
ascribed 

It IS apparent that many theories may be foimulated to explain 
the caidiac hypertiophy and eventual caidiac failuie in this disease A 
few of these may be piofitably discussed at this point 

1 In the majoiity of these cases of caidiac hypertrophy and 
splanchnomegaly the size of the heart is out of pioportion to the size 

13 Mane, P , and Souza-Leite Essa 3 ’’s on Acromegalv London, Adlard S. 
Son, 1891 

14 Hinsdale, G Acromegab^ Detroit, W W Warren, 1898 

15 Cushing, H , and Davidoff, L M The Pathological Findings in Four 
Autopsied Cases of Acromegaly, with a Discussion of Their Significance, klono- 
graph 22, Rockefeller Institute for Medical Research, 1927 
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of the patient oi to his muscular development It is necessary therefore 
to explain the cardiac hypertrophy by some other mechanism than 
general oveigiowth of the individual with acromegaly, and, in addition, 
it IS desirable to demonstrate that the hypertrophy is a “work hyper- 
tiophy” In the absence of hypertension, peiicardial disease, marked 
arteriosclei osis, valvulai disease, an increased basal metabolic late oi 
histologic evidences of progressive myocaidial disease, no theory based 
on so-called work hypertrophy due to these particulai causes can be 
sustained 

2 The caidiac hypertrophy in acromegaly is not causally related 
to an increased intracianial pressuie, to diabetes melhtus or to an 
increased basal metabolic late 

3 Although comparable statistics aie not available, one can assume 
with leasonable ceitainty that the cardiac failure in acromegaly does not 
follow the general age cui\e of heart failure with advancing age We 
believe that it is probably moie directly related to the duration and the 
severity of the acromegalic process 

4 We are not of the opinion that the characteristic deformity of 
the chest, with displacement of the heart upward, plays any but a minor 
role in producing the cardiac hypertrophy and failure 

5 A review of the protocols of our cases clearly demonstrates that 
the causal factor did not originally he m the heart itself We have 
reviewed the sections of cardiac muscle fiom acromegalic patients who 
died of heart failure and from a series of patients with cardiac hyper- 
trophy due to other causes, excluding obvious disease of the coronary 
artery There is no constant histologic alteration present in the myocar- 
dium which distinguishes the enlarged acromegalic heart from other 
enlarged hearts The factors we noted were fragmentation, fibrosis, 
cellular infiltration, the size of the muscle fibers and arteriosclerosis 
Photomicrographs of these* sections at a constant magnification have 
been studied with considerable care No constant change could be 
found which would allow us to state which was and which was not the 
heart of a patient with acromegaly Hypertrophy of the muscle fibers, 
which has been stated to be the cause of cardiomegaly m acromegaly, 
is not a constant finding, as a matter of fact, the largest, as well as the 
smallest, muscle fibers which we found were noted in the heaits of 
patients with acromegaly who had died of heart failure When com- 
paied with muscle fibers of normal heaits or large hearts of patients 
without acromegaly, the muscle fibeis of a laige acromegalic heart may 
actually be smallei than normal This fact only demonstrates again 
the absence of any correlation between the size of the muscle fiber of 
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the heart and its functional capacit}^ It may be assumed that Inper- 
tension, valvular heart disease and arteriosclerosis are not related m any 
IV ay to the cardiac hypertrophy of acromegaly, m spite of the fact 
that m acromegaly the blood vessels are enlarged, both as to the thick- 
ness of the walls and as to the size of the lumens It is our belief, 
therefore, that these factors are of little importance m the ultimate 
cardiac failure 

When all these factors are considered and given their propei signifi- 
cance, according to present knowledge, it may be concluded that m 
acromegaly, as in other types of cardiac enlargement, the hypertrophy 
is dependent on an increased “work demand” on the heait It is piob- 
able that cardiac hypertrophy occurs first to compensate foi the abnormal 
growth of the patient and to meet the increased demands occa- 
sioned by the general splanchnomegaly which is constantly piesent m 
acromegalic patients with heart failure The abnormal growth of the 
patient, which is the important physiologic result of the hoimonal dis- 
turbance produced by the eosinophilic adenoma, either directly oi indi- 
rectl}'-, leads to general muscular w^eakness and probably to cardiac 
muscular weakness Thus the cardiac muscle, stimulated b}- hormonal 
influence to abnormal giowth as regards either size or number of poorly 
functioning muscle cells, reaches the stage of diminishing cardiac 
reserve, which it attempts to meet by further hypertrophy This 
hormonal theory in the present state of knowdedge more nearly takes 
into account all the known circumstances and exceptions than any of 
the other theories which have been propounded 

An elevation of the basal metabolic rate has been obseived m cases 
of eosinophilic adenoma of the pituitary body, first by Magnus-Lev^y 
and subsequently by a large number of observers It has been discussed 
by Davidoff,^" Cushing and Davidoff and Davis Anderson and 
Colhp have obtained an active thyrotropic substance from the anterior 
lobe of the pituitary body It seems reasonable to assume that, m addi- 
tion, an organotropic hormone must be present to produce the splanchno- 
megaly so frequently present in acromegal}'^ However, an elevated 

16 Magnus-Lev^, A Untersuchungen zur Schilddrusenfrage, Ztschr f klin 
Med 33 269, 1897 

17 Davidoff, L M Studies in Acromegaly The Anamnesis and S\mp- 
tomatology in One Hundred Cases, Endocrinology 10 461, 1926 

18 Cushing, H , and Davidoff, L M Studies in Acromegaly IV The Basal 
Metabolism, Arch Int Med 39 673 (May) 1927 

19 Dav IS, A C The Thvroid Gland in Acromegaly, Proc Staff Aleet , Mavo 
Clin 9-709, 1934 

20 Anderson, E M , and Colhp, J B Thj'reotropic Hormone of Anterior 
Pituitarv^ Proc Soc Exper Biol & Med 30 680, 1933 
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basal metabolic rate is piesent in about 50 per cent of the cases of 
aciomegaly It is not a constant finding in cases of acromegaly with 
heart failure or in cases of acromegaly with marked splanchnomegaly 
It should also be stated that the elevated metabolic rate is not always 
satisfactorily i educed by thyroidectomy or by iodine tlierap)’- 

We are inclined to believe that in the period of overactivity of the 
anterior lobe, the basal metabolic rate may be increased, but whether 
this IS due to the hormone of the pituitaiy body, to the increased 
splanchnomegaly pi oduced by this hormone or to some influence on the 
thyroid gland is not known It is appaient that this manifestation of 
the disease needs further statistical study for its complete elucidation 
We feel certain that the increased basal metabolic late is of minor and 
piobably negligible importance in the ultimate production of heart 
failure 

We have had the opportunity to study twenty-four patients wath 
aciomegaly foi periods vai 3 ang from a few' months to ovei ten years 
At the Los Angeles County Hospital theie has been about one acio- 
megalic patient for every ten thousand patients admitted Of these 
twenty-four patients, ten weie women The ages varied from 25 to 
60 years, the aveiage being 48 yeais The average age at death of those 
who died of heart failure was 48 yeais The average age at the time 
of observation of all wdio had definite heait failuie w'as 48 yeais Of the 
twenty-four patients, eighteen had definite eiidence of heart failuie, 
and of this gi oup, six have died of heai t failure At autopsy the hearts 
of these patients weighed 500, 400, 1,140, 1,200, 840 and 500 Gm , 
respectively Three other patients of the entiie group have died as 
a result of hemorihage into the pituitary adenoma (heart weight, 500 
Gm), diabetic coma (heart w'eight, 280 Gm ) and psittacosis (heart 
w'eight, 540 Gm ), respectively The basal metabolic rates for the 
gioup w'ere not determined as a loutine One patient m early diabetic 
acidosis had a i ate of -f- 27 pei cent One patient without cardiac 
symptoms had a late of — 18 per cent The lates for ten patients 
w'lth varying degrees of heart failuie w'eie — 12, -f- 19, — 9, — 12, 
— 18, -f- 7, 14, 18, + 28 and — 1 per cent, respectively A 

discussion of the significance of alteiations of the basal metabolic rate 
may be found in the articles by Cushing and Davidoff and Davis 

There have been reported a number of instances of acromegaly and 
high blood pressure Whether there is any causal relation betw'een 
the two seems doubtful In one of the patients in this group, a patient 
aged 50 with severe diabetes, hypertension developed during observa- 
tion, and death resulted fiom heart failuie Anothei, aged 57, who 
died of cardiac failure, had a blood pressure of 150 systolic and 100 
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diastolic Another, aged 56, had a pressuie of 170 systolic and 90 
diastolic Foi the remainder the blood pressuie was normal oi shghth 
below normal 

Roentgenograms of the sella, the fingeis and the heait, as iiell as 
perimetric obseivations, were made in nearly every instance and did 
not differ from those reported by othei observeis It is of some mteiest 
that in this group of patients, none of whom had had any surgical 
piocedure directed towaid the pituitary adenoma, theie was no instance 
of serious loss of useful vision 

The manifestations of disease presented by patients with aciomegah 
are so varied that they will not be discussed in then entiiety at this 
time We shall limit oui remaiks to those features of the disease \\hich 
are associated in geneial with caidiac weakness and ultimate cardiac 
failure 
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It IS well known that piogiessive weakness ultimately appeals in 
patients with acromegaly if the active phase of the disease is suffi- 
ciently prolonged In a few, after leaching a certain degree of intensity, 
the acromegalic features cease progressing, and the disease becomes 
quiescent In a certain proportion of patients diabetes melhtus makes 
its appearance, and the patient may eventually die in diabetic coma In 
the majoiity of all patients with acromegaly, symptoms referable to 
the heait eventually become the most striking clinical phenomena In 
not a few cases the acromegalic changes may be meager, and the patient 
piesents himself on account of headache, palpitation and breathlessness 
on exertion 

One of our patients had a basal metabolic rate of -{- 18 per cent 
The heait was large, and he complained of headache and breathlessness 
Thyroidectomy had been advised However, on caieful study it was 
found that he had no apparent abnoimahty of the thyioid gland but 
that he did have a large liver and a laige spleen Roentgenographic 
examination of the fingers and sella and perimetric studies of the a isual 
fields confirmed the diagnosis of acromegaly It is certain in this 
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instance that the splanchnomegaly preceded the development of the more 
usual acromegalic changes, and instances of this sort confirm our belief 
that the hormonal action on the heart is the primary factor in the ulti- 
mate production of heart failure, not the skeletal, muscular, dermal or 
vascular overgrowth This patient was treated vigorously ^\lth roent- 
gen rays, and the splanchnomegaly and the symptoms of heart failure 
disappeared 

A second patient presented himself on account of an unproductive 
cough On examination the lungs appeared normal, but the heart, 
liver and spleen were enlarged No cause for the cardiac enlargeipent 
could be detei mined -The patient showed few of the usual symptoms 
of acromegaly, but examination of the bones and of the sella roentgeno- 
graphically showed the characteristic changes of acromegaly The 
cough was probably dependent on enlargement of the larynx The 
shortness of breath on exertion, of which he complained, was greatly 
relieved by roentgen therapy 

In general, the first symptom complained of by these patients is 
\\eakness This weakness, of course, is m striking contrast to the great 
muscular development As the symptoms increase, the weakness and 
easy fatigability are augmented by palpitation and breathlessness on 
exertion Soon attacks of syncope make their appeal ance, and the 
patient becomes practically an invalid As the disease pi ogresses a 
striking pallor appears, asthenia becomes extreme, breathlessness 
becomes constant, the pulse becomes rapid and irregular and the patient 
succumbs to heart failure 

A few individual sjmptoms and signs may now be discussed 1 
Hypertension is not a feature of acromegaly and m our opinion is not 
produced by acromegaly When present it should be looked on as a 
coincidental disease 2 Valvular disease of the heart -vNhen piesent in 
patients with acromegaly is also probably due to some other disease 
3 Hypertrophy of the heart is always piesent in patients with acro- 
megaly and heart failure The heart may be of enormous size In one 
of our cases the heart weighed 1,200 Gm 4 The electrocardiographic 
changes are neither constant nor specific There is usually evidence of 
left axis deviation, and as the disease progresses, changes of the QRS 
complex, usually with broadening and slurring and at times notching 
and widening, point to disturbances of impulse conduction due to diffuse 
myocardial damage Later, various arrhythmias may make their appear- 
ance, and in the later stages significant changes of the T wave may 
appear 

In the terminal stages of the disease the symptoms of heart failure 
differ little from those seen in other types of heart failure The rapid 
or irregular pulse can no longer be slowed with model ate doses of digi- 
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tabs, breathlessness and orthopnea become marked, cyanosis is striking, 
edema, pulmonary congestion and Cheyne-Stokes respiration appeal 
and the patient ultimately dies of heart failure 

SUMMARY 

This leport is based on the observations of t\\ent}-four patients ^Mth 
aciomegaly Of this group, eighteen (75 per cent) presented evidence 
of marked heart failure, and six have died of heart failure These six 
patients all had marked splanchnomegaly and cardiomegaly, and an 
eosinophilic pituitary adenoma was observed post mortem 
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To the steadily inci easing numbei of studies of cholesteiol in the 
blood in vaiious clinical entities reported m the hteiatuie, we now add 
oui investigation on the concentration of this hpid in the blood in heait 
disease 

MATERIAL AND METHODS 

The subjects used in this stud 3 ' were chosen at random from the group of 
patients who iiad been attending tlie cardiac clinic for adults of the New York 
Post-Graduate Hospital for at least one j'car and for wdiom the etiologic diagnosis 
was reasonabl}' certain Wlien the conditions were classified functionallj accord- 
ing to the standards of tlie New York Heart Association, the cases fell, for tlie 
most part, into classes 2a and 2b, wnth an occasional case belonging to either 
class 3 or class 1 A total number of si\tj-one patients were studied, eighteen 
of whom had rheumatic heart disease, tw'cntj-four had arteriosclerotic heart 
disease and nineteen had hj'pertensn e heart disease , the patients with In perten- 
sion also manifested some CMdence of arteriosclerosis A group of thirtj’’-three 
normal subjects was used for comparative stud\ ^ 

Only single studies of the blood W'erc carried out, Acnipuncture being done 
between 2 and 3 p m No attempt w'as made to determine the amount or t 3 pe 
of food previousl}’- consumed, since it has been shown that the ingestion of food 
does not alter appreciably tlie cholesterol content of tlie blood - The total 
cholesterol and ester cholesterol contents were determined for the plasma b\ 
the Bloor-Knudson ^ procedure, modified wnth temperature control as practiced 
III this laboratorj i 

Aided by a grant from tlie Harriet Weil Fund 

From the Department of Medicine, the New York Post-Graduate !MedicaI 
School and Hospital, Columbia University 

1 The normal subjects had been studied m this laboratory bj' means of 
the same analytic procedures used in the present investigation (Hartung, E F , 
and Bruger, M The Cholesterol Content of the Plasma in Arthritis, J Lab 
& Chn Med 20 675, 1935) 

2 Bruger, M, and Somach, I The Diurnal Variations of the Cliolesteiol 
Content of the Blood, J Biol Chem 97 23, 1932 

3 Bloor, W R , and Knudson, A The Separate Determination of Choles- 
terol and Cholesterol Esters m Small Amounts of Blood, J Biol Chem 27 107, 
1916 

4 Mirsky, I A, and Bruger, M A Note on the Liebermann-Bui chard 
Color Reaction for Cholesterol, J Lab & Chn Med 18 304, 1932 
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RESULTS 

In 01 del to conseive space the individual results will not be detailed 
As shown in the accompanying chait, the patients vith rheumatic heart 
disease tended to have a lover concentiation of cholesteiol in the blood 
than those with eithei aitenosclerotic or hypeitensne heait disease 
Thus, it will be observed that wheieas 28 pei cent of the patients with 
iheumatic heait disease had blood cholesteiol ^alues belov 150 mg 
pel hundred cubic centimeters, not one of the patients with eithei arterio- 
sclerotic or hypertensive heart disease exhibited a similai hypocholestei - 
emia Again, it will be noted that vheieas only 5 pei cent of the 



150 250 
TOTAL CHOLESTEROL, HG PER 100 CC 

Chart showing the frequency distribution for total plasma cholesterol for 
patients with heart disease 

patients with rheumatic heart disease show ed a concentration of 
cholesterol in the blood ovei 250 mg per bundled cubic centimeters, 
appi oximately 45 pei cent of the patients with either aitenosclerotic 
or hypertensne heart disease demonstrated this hypeicholesteremia 
Although a noteworthy difteience as to the concentration of the choles- 
terol in the blood existed between patients with rheumatic heart disease, 
on the one hand, and those with arteriosclei otic or h}peitensne heart 
disease, on tlie other, little or no difference could be obsened as to the 
distribution of the blood cholesterol values w hen the patients w ith arterio- 
scleiotic and those wnth hypeitensne heart disease weie compared 
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The results are treated statistically in the accompanying table The 
anthmetical means indicate the trend, the cholesterol content of the 
plasma tended to be low in iheumatic heart disease and elevated in 
arteiiosclerotic or hypei tensive heart disease The results for the group 
with iheumatic heart disease weie not significant on a statistical basis, 
since the difference between the means for the group of normal subjects 
and those for the group with rheumatic heart disease divided by the 
standaid erioi of the diffeience of these means gave a value of onl) 1 03 
However, when the same calculations were employed for the groups of 
patients with aiteriosclerotic and with hypertensive heart disease, the 
results weie 4 9 and 4 29, respectively, values that are statistically 
significant 


The Total Cholesfciol Content of the Plasma of Nonnal Subjects and of Patients 
with Hcait Disease Statistical Analysis 




Arithmetical 




Number of 

Mean, 


Probable 

Ot 


Obsen a 

Jig per 

Standard 

Error of 

Group 

tions 

100 Cc 

De\lntlon* 

Meant 

(7D 

^ormn] 

33 

103 

20 

3 42 


Rheumatic heart disease 

18 

183 

S3 

5 30 

1 03 

Arteriosclerotic heart disease 

24 

245 

47 

C4S 

4 00 

Hjpertenslve heart disease with arte- 





rioselerosis 

10 

24G 

47 

7 27 

4 20 


* Standard deviation e 



S (d") represents tlie summation, of the squares 


the Indliidual deviations from the mean and Is the number of determinations 


of 


t Probable error of mean = 0 G745 
number of determinations 


<r 

vT 


<r represents the standard dealatlon and ^ flit 


i represents the dlfTcrence between tno means dhided bj the standard error of 
the dlfterence The standard eiror of the dllTcrcncc, cD, Is calculated from the formula 

ctD = \ Ell. EH. <ri and ers renresent the standard dctlatlons for the fuo groups, and 
v I »1 ^2 

Isi and Iss represent the number of determinations for the two groups 


No appieciable difference was obseried in the ratios of estei to free 
cholesterol m the thiee major types of heart disease considered Foi 
patients -with rheumatic heait disease the average estei -fiee ratio w^as 
17, for those with aiteiiosclerotic heait disease, 186, and foi those 
with hypertensne heait disease, 1 77 


COMMENT 

It IS generally knowm that patients wath rheumatic heait disease fall 
into a decidedly low^er age group than those wuth either arteiioscleiotic 
01 hypertensive heart disease, and it may be infened that the obsened 
differences in the cholesterol content of the blood in the various types 
of heait disease may be due to the age factor Parhon and Parhon = 

5 Parhon, C J, and Parhon, M L’hypercholesterinemie de la viellesse, 
Compt rend Soc de^ biol 88 231, 1923 
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lia\e maintained that there is a slight increase in the blood cholesterol 
content with advancing years m human beings , in persons oa er 70 } ears 
of age they frequently observed definite hypercholesteremia HoweAcr 
Gorham and Myers ° reported that the blood cholesterol a allies foi 
fourteen normal subjects, 3 of A\diom A\ere 51, 65 and 55 a ears old. 
respectiA ely, ranged fiom 130 to 170 mg pei hundred cubic centi- 
meters In a recent detailed stud}' on the plasma lipid content for 
normal men at different ages. Page and his associates ' demonstrated that 
Aaiiations of age from 20 to 90 years do not haA'e a determinable 
influence on either the amount or the composition of the plasma lipids 
Differences in age distribution, therefore, apparently fail to account 
for the Aariations m the level of the blood cholesterol noted m the 
A'arious types of heart disease considered 

A more probable explanation for the hypocholesteremia frequently 
obsen'ed in rheumatic heart disease is the presence of the underlying 
infectious process The cholesterol content of the blood is consistently 
decreased in infectious diseases, especially m the acute febrile disordeis ® 
and m the acute stages of syphilis,® leprosy,^® typhoid and tuber- 

6 Gorham, F D , and Alyers, V C Remarks on the Cholesterol Content 
of Human Blood, Arch Int Med 20 599 (Oct ) 1917 

7 Page, I H , Kirk, E , Leii'is, W H, Jr , Thompson, W R, and Van 
Slyke, D D Plasma Lipids of Normal Men at Different Ages, J Biol Chem 
111 613, 1935 

8 (a) Bacmeister and Henes, E Untersuchungen uber den Cholester- 

ingehalt des menschlichen Blutes bei \erschiedenen inneren Erkrankungen, 
Deutsche med Wchnschr 39 544, 1913 (b) Henes, E Untersuchungen uber 

den Cholestenngehalt des menschlichen Blutes bei inneren Erkrankungen, 
Deutsches Arch f klin Med 111 122, 1913 (c) Wacher, L, and Hueck, W 

Chemische und morphologische Untersuchungen uber die Bedeutung des Cho- 
lesterins im Organismus, Arch f exper Path u Pharmakol 74 416 1913 (d) 

Kipp, H A Variation in the Cholesterol Content of Serum in Pneumonia, 
J Biol Chem 44 215, 1920 (c) Denis, W Cholesterol in Human Blood 

Under Pathological Conditions, ibid 29 93, 1917 (/) Bojd, E M The 

Lipopenia of Fever, Canad M A J 32 500, 1935 {g) Stoesscr, A V, and 

AIcQuarrie, I Influence of Acute Infection and Artificial FeAer on the Plasma 
Lipids, Am J Dis Child 49 658 (March) 1935 (/:) Stoesser, A V Stud\ of 
Cholesterol Fractions in Acute Infections of Infants With and Without Eczema, 
Proc Soc Exper Biol & Aled 34 10, 1936 

9 Knudson, A , OrdAiay, T, and Ferguson, H Cholesterol and Cliolesterol 
Esters in Blood Showing a Positne Wassermann Reaction, Proc Soc Exper 
Biol &. Med 18 299, 1921 Rosen, I , and Krasnow', F Blood Cholesterol 
Findings in SAphihs and Other Skin Diseases An Accurate Technic for 
Extracting Blood Cholesterol, Arch Dermat & S\ph 13 506 (April) 1926 
Feraru, F, and Offenkrantz, F M Serum Cholesterol in SAphilis, Am J 
Sjph, Conor & Ven Dis 21 267, 1937 

10 Bo\d, T C, and Roj, A C Notes on the Cholesterol Content of Indian 
Blood in Health and Leprosj, Indian J Research 15 643, 1928 

11 Chauffard, A Laroche, G, and Grigaut, A E\olution de la choles- 
terinemie rhez les tAphiques, Compt rend Soc de biol 70 70, 1911 
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culosis In iheumatoid aitliiitis, a disease presumably infectious in 
origin, the cholestei ol content is also frequently diminished Kipp 
attempted to explain the low cholestei ol value by assuming a greater 
utilization of this lipid in the body in the presence of infection 

Although lepoits of numerous studies on the cholesterol content of 
the blood in essential hypei tension and arteiiosclerosis haA’^e been 
published duimg the past twenty-five yeais, the results, even in recent 
years with improved methods, haA’^e not been uniform In 1936 Page, 
Kirk, and Van Slyke,^^ and Elliot and Nuzum reported that patients 
Avith essential hypei tension Avith oi Avithout arteriosclerosis did not 
have an elevated cholesterol level More recently, Davis, Stern and 
Lesnick found the aA^erage cholesterol level to be higher for patients 
AAUth angina pectoris of atherosclerotic origin than for a group of con- 
tiol subjects Since Saphir and his co-avoi kers have obserA^ed that 
patients Avith coionaiy atherosclerosis ahvays manifest generalized 
aiteriosclerosis in the aorta and other A’^essels of the body, the results 
of Davis, Stern and Lesnick, as suggested by these avi iters, indicate that 
patients Avith geneiahzed arteiioscleiosis manifest a highei aA^eiage 
cholesterol value than do normal subjects Oui findings m arterio- 
sclerotic heart disease and in hypertensive heart disease AAuth arteiio- 
scleiosis also demonstrate that the advent of Avascular degeneration in 
man is frequently accompanied A\uth an eleA'ation of the cholesterol level 
of the blood 

12 Bacmeister and Henes Eichclbcrger, L , and AIcCIuskey, K L Chemi- 
cal Studies in Tuberculosis I Plasma Proteins, Cholesterol and Corpuscle 
Volume, Arch Int Med 40 831 (Dec ) 1927 King, S E , and Bruger, M 
Plasma Cholesterol in Tuberculosis and Amjdoid Disease, Ann Int kled 8 1427, 
1935 

13 Bruger, M, and Poindextci, C A Relation of the Plasma Cholesterol 
to Obesity and to Some of the Complicating Degenerative Diseases (Diabetes 
Mellitus, Essential Hypertension, Osteo-Arthritis and Arteriosclerosis), Arch 
Int Med 53 423 (March) 1934 Hartung, E F, and Bruger, M The Choles- 
terol Content of the Plasma in Arthritis, J Lab & Clin Med 20 675, 1935 

14 Page, I H , Kirk, E, and Van Slyke, D D Plasma Lipids in Essential 
Hypertension, J Clin Investigation 15 109, 1936 

15 Elliot, A H , and Nuzum, F R Cholesterol Content of Whole Blood 
in Patients with Arterial Hypertension, Arch Int Med 57 63 (Jan ) 1936 

16 Davis, D , Stern, B , and Lesnick, G The Lipid and Cholesterol Content 
of the Blood of Patients Avith Angina Pectoris and Arteriosclerosis, Ann Int 
Med 11 354, 1937 

17 Saphir, O , Priest, W S , Hamburger, W W, and Katz, L N 
Coronary Arteriosclerosis, Coronarj Thrombosis, and the Resulting M 3 'Ocardial 
Changes, Am Heart J 10 762, 1935 
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CONCLUSIONS 

There is a marked difterence between the cholesterol content of the 
plasma of patients with rheumatic heart disease and that of patients with 
arterioscleiotic or hypei tensive heart disease Patients with iheumatic 
heart disease frequently demonstrate h) pocholesteremia, although foi all 
the patients as a group, the results lack statistical significance when 
compaied wuth the cholesteiol content of the blood of noimal subjects 
In contrast is the hypercholesteremia often obser\ed foi patients with 
arteiiosclerotic heart disease or hypei tensive heart disease manifesting 
some evidence of aiteriosclerosis , for these two gioups, how^evei, the 
increase m the plasma cholesterol \alue is of sufficient magnitude to he 
statistically significant Foi the most pait, theie is little or no difference 
betw^een the latio of ester to fiee cholesteiol m the three types of heait 
disease studied 



CLINICAL STUDIES OF RESPIRATION 


VI EXPIRATORY INFLATION DURING AIR HUNGER AND DYSPNEA 
PRODUCED BY PHYSICAL EXERTION IN NORMAL SUBJECTS 
AND IN PATIENTS WITH HEART DISEASE 

JAMES A GREENE, MD 

AND 

L W SWANSON, MD 

IOWA CITY 

Extreme expiratory inflation was apparently of major importance in 
the production of air hunger and dyspnea in several of our patients with 
the effort syndrome These observations suggested that enlargement 
of the expiratory volume of the chest might be a factoi in the production 
of air hunger and dyspnea in patients with cardiac failure In a previous 
study ^ the respirations were stimulated by reducing tbe oxygen or 
increasing the carbon dioxide content of the inspired air, both separately 
and simultaneously, and it was found that patients with cardiac failure 
were able to tolerate as great alterations of the inspired air as those 
tolerated by normal subjects The former group, on the other hand, 
were unable to perform as much physical exercise as the normal subjects 
These observations indicate that the respiratory stimulus produced by 
physical exertion is different from that produced by alteration of the 
inspired air The purpose of the present study was to ascertain the 
effect of hyperpnea produced by physical exertion on the expiratory 
volume of the chest of normal subjects and of patients with heart 
disease 

METHOD 

Plethysmograms were obtained by the method previously described = The 
apparatus was arranged at the beginning of each experiment (fig 1) and was 

From the Department of Internal Medicine, State University of Iowa College 
of Medicine 

1 Greene, J A , and Heeren, R H Clinical Studies of Respiration V 
Relation of Dyspnea and Air Hunger to Changes of the Expiratory Volume of the 
Chest, Arch Int Med 57 100 (Jan ) 1936 

2 Greene, J A , and Coggeshall, H C Clinical Studies of Respiration I 
Plethysmographic Study of Quiet Breathing and of the Influences of Some 
Ordinary Activities on the Expiratory Position of the Chest m Man, Arch Int 
Med 52 33 (July) 1933 
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not altered during the period of observation A control period was continued 
until the pulse rate and the arterial pressure, which w^ere recorded at one minute 
intervals throughout the experiment, and the expiratory volume became constant 
Physical exertion was obtained by having the subject pedal a stationary bicjcle 
while he reclined m a chair The duration of exertion varied, but it was continued 
until definite shortness of breath developed The same degree of dyspnea was 
not produced in each instance The distance traveled, which was measured b> an 
odometer, also varied Recovery from the exertion was considered complete after 
the pulse rate and the arterial pressure had reached the previous resting levels 
and the expiratory volume had become constant Observations were continued in 
each experiment for at least ten minutes after recovery Activity altered the 



Fig 1 — The subject is shown in a reclining position, wnth the plethysmograph 
in place, pedaling a bicycle 

relation of the subject to the plethysmographic bag, therefore, only records 
obtained during the period of recovery were studied 

The control group consisted of 12 normal medical students and phjsicians Of 
the 17 patients studied, 3 had arthritis of the spine, 1 aplastic anemia, 1 allergic 
asthma and pulmonary emphysema and 12 organic heart disease The last group 
included 3 without congestive failure and 6 with slight, 1 with moderate and 2 
with advanced congestive failure 

RESULTS 

The expiiatory volume of the chest increased in all instances during 
hyperpnea produced by physical exertion A t} pical example is shown 
in figure 2 

Three possible sources of erroi had to be excluded before these 
results could be accepted first, the apparatus recorded the complete 
expirations dm mg hyperpnea, second, muscular relaxation was complete 
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immediately aftei the occtiirence of exeition, and, third, flexion or 
extension of the spine did not produce the results The fiist possible 
souice of eiioi was excluded because foiced expiiations dining hyper- 
pnea weie recoided (fig 3) The second iias difficult to eliminate, but 



TIME IN 
MINUTES 

- - — * * * . _ A_ 4 * *- J 

Fig 2 — PIctInsmogiam taken during reco\cr\ from pli^sical exertion, showing 
cxpirator} deflation 



Fig 3 — PJetiiysmogram taken during reco\eri from plnsical exertion Forced 
expirations are recorded at 1, 2, 3 and 4 

each person felt that muscular relaxation was complete as soon as the 
exertion ended The thii d ii as excluded by the occui i ence of altei ations 
in the expiratory volume of the chest of patients m ith immobility of the 
spine due to aithritis 
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Greatei expiratory inflation occurred in patients ^Mth hcait di'^ca'^c 
than in normal subjects As giaphicall} recoided, the inflations areiagcd 
38 9 inin , as compared to 30 1 mm It uill be noted fioni table 1 that 
this phase also persisted longei in pioportioii to the distance lecorded 
on the odometer m patients uitb cardiac disease 


Tabif 1 — Coinpansou of ihc Duiahon of E'lpiiaioiy Iitflatwn and ihc 

Distance Tiavclcd^ 



At erage 

At erage Duration of 


Distance, 

Dxpiratort Inflation, 

Subjects 

Miles 

Minutes 

Normal subjects 

29 

GG 

Patients nitli heart disease 

OC 

*5 S 

Others 

00 

I 0 

♦ The expiratorv inflation persisted longer in proportion to the distance traaclcd in patients 

vitli heart disease than in normal subjects 



T \BLn 2 — Compai ative Data on the 

Dmation of Expii aioi y Inflation, the 

Distance Tiavcled and the Seventy of Congestive Heait Failiitc 


U erage 

Vt erage Duration of 


Distance, 

Dxpir itorv Inflation, 

Degree of Heart Failure 

Miles 

Jliniitcs 

None 

0- 

j 7 

Slight 

OS 

GO 

Moderate 

0 i 

GO 

•^ei ere 

02 

■3 5 


* The more severe the congestive heart failure, tlie longer the e\pintorj inflation per^isteil 
in proportion to the amount of plnsical exertion 


T\Brh 3 — Compai ative Data on ihc Pulse Rate, Aitciial Piesstnc and Dm at ion 

of E\piiaioi\' Inflation 



Average 

At erage 

It erage 


Increase 

Diet ation of 

Duration 


of 

Arterial 

of 


Pulse Rate, 

Pressure 

rxpiratory 


Beats per 

(Sjstolic) 

Inflation, 

Subjects 

Minute 

Mm ofHg 

Minutes 

Xonnal 

5S 

IS 

CO 

Patients with heart disease 

29 

20 

"> s 

Others 

TO 

20 

4 0 


* Uthough there vas n greater relatnc demand placed on the cardiocirculatorc c\ctem of 
normal subject';, as shown bj the increase in pulse rate and arterial pressure, the duration of 
the expiratorc inflation vas proportionateh less than that for patients with heart disease 


The duration of altered thoracic rolume x\as less in propoition to 
the degree of exeition foi patients mth heart disease XMthout failuie 
than for those uith congestne failure (table 2) 
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The patients exerted themselves less vigorously than did the normal 
subjects, and a longer time was required to pedal the same distance, 
consequently, the duration of expiratory inflation was compared to the 
maximum increase of pulse rate and of arterial pressure It will be 
noted from table 3 that the patients with heart disease had lelatively less 
strain on the cardiocirculatory system, yet the expiratory inflation 
persisted proportionately longei than m the normal subjects Two 
normal subjects, not included m the table, showed a persistent elevation 
of thoracic volume out of proportion to the distance traveled or to the 
relative strain on the cardiocirculatory system 

COMMENT 

The occurrence of expiratory inflation during hyperpnea m all 
instances after physical exertion indicates that this is a normal response 
to hyperpnea thus produced Our findings are in accord with those of 
Bohr® and Siebeck,^ who observed an increase in the middle position 
of the chest after physical exertion 

The greater and proportionately longer expiiatory inflation observed 
in our patients with heart disease could be attributed to an abnormal 
respiratory response to a given amount of physical exertion, as pointed 
out by Harrison, Harrison, Calhoun and Marsh ® 

Expiratory enlargement of the chest decreases the effective vital 
capacity, which is already diminished m cases of cardiac failuie, and is 
undoubtedly a contributory factor m the production of air hunger and 
dyspnea In certain patients with effort syndrome, expirator}*- inflation 
became so marked that only small expirations were possible, conse- 
quently, the respirations became shallow and rapid Such extreme 
expiratory enlargement was not observed in any patient with cardiac 
failure, therefore, it appears that this phenomenon is not as impoitant in 
the production of air hungei and dyspnea in cases of heart failure as in 
effort syndrome 

SUMMARY 

The expiratory volume of the chest has been studied duiing hyper- 
pnea produced by physical exeition in noimal subjects and in patients 

3 Bohr, C Die funktionellen Aenderungen in der Mittellage und Vitalka- 
pazitat der Lungen, Deutsches Arch f klin Med 88 385, 1906-1907 

4 Siebeck, R Ueber die Beeinflussung der Atemmechanik durch krankhafte 
Zustande des Respirations-und Kreislaufapparates, Deutsches Arch f khn Med 
100 204, 1910 

5 Harrison, T R , Harrison, W G , Calhoun, J A , and Marsh J P 
Congestive Heart Failure XVH The Mechanism of Dyspnea on Exertion, Arch 
Int Med 50 690 (Nov ) 1932 
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with heart disease The increase observed in all instances was of 
greater degree and proportionately of longer duiation in the patients 
These results indicate that expiratory inflation per se is not the major 
factor in the pioduction of air hungei and dyspnea in cases of caidiac 
failure 



DIRECT MEASUREMENT OF HEIGHT OF 
THYROID EPITHELIUM 


A METHOD or ASSAY OF THYROTROPIC SUBSTANCE, 
CLINICAL APPLICATION 

RULON W RAWSON, MD 

AND 

PAUL STARR, MD 

CHICAGO 

A convenient, specific and delicate method of assay of the thyiotiopic 
piinciple of the anterioi lobe of the pituitary body is required foi physi- 
ologic and clinical studies V arious methods have been used Loeb ^ and 
his associates, m 1928, described a quantitative method that had been 
used by them foi several years, namely, the deteimination of the mitotic 
index The entire thyroid gland of the test animal, the guinea pig, was 
cut 111 serial section and stained with hematoxylin and eosin The 
aveiage number of sections obtained for each gland vaiied between 
four hundred and fifty and five hundred, mitoses vere counted in 
eveiy tenth section in an exact mannei , the number of mitoses thus 
obtained was multiplied by 10 to obtain the total nuinbei of mitoses 
in the gland A marked increase m the numbei of mitoses occuis with 
tl^TOid hypertiophy 

Seveial workeis have described the degrees of hypei plastic change 
lesulting fiom the administration of increasing amounts of thyiotiopic 
substance (Aron,- Loeser ® and Severinghaus “* ) Junkmann and 
Schoeller ^ have given a nioie detailed description and haie pioposed 

From the Depaitment of Medicine, Northwestern University Aledical School 

1 Loeb, L, cited by Rabinovitch, J The Effect of Feeding Potassium Iodide 
on the Proliferative Activity of the Thyroid Gland in Guinea Pigs, Am J Path 
4 601-611, 1928 

2 Aron, M L’hormone prehypophysaire e\cito-secretnce de la thyroide 
Contribution a I’etude du fonctionnement thvroidien. Rev frang d’endocrmol 8 
472-520, 1930 

3 Loeser, A Die Darstellung thjreotropwirksamer Extrakte aus Hvpo- 
pltysenvorderlappen, Arch f exper Path u Pharmakol 166 693-702, 1932 

4 Severinghaus, A E Cytological Observations on the Secretion in Normal 
and Activated ThjToids, Ztschr f Zellforsch u mikr Anat 19 653-680, 1933 

5 Junkmann, K , and Schoeller, W Ueber das th}'reotrope Hormon des 
Hj pophj senvorderlappens, Klin Wchnschr 11 1176-1177, 1932 
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a unit of thyrotropic activity in teims of the microscopic pictuie of 
hyperplasia Colhp ° has defined a unit as “the minimum amount 
cidministeied daily in t\\o injections which \m11 cause a rise of 20 pei 
cent in the metabolism of the h3^pophysectomized rats by the fourth 
day ” Cuyler, Stimmel and McCulIagh ' liaie lesoited to determination 
of the total iodine content of the thyroid gland to measure thyiotiopic 
activity The iodine content decreases with stimulation One unit ^\as 
considered to be the amount ^^hlch would decrease the iodine content 
to half the average normal content The acceleiation of the metamoi- 
phosis of tadpoles vas also used by these authois to quantitate thyio- 
tropic activity Klein® suggested detei mining the average diametei 
of a hundred follicles — the follicular index — as a method of representing 
the degiee of colloid stoiage in the gland Hertz and Oastler ° detei mined 
the presence of thyrotiopic substance without measurement of the 
amount by the ability of the unknown mateiial to prevent atrophy of 
the thyroid gland of the lat after h3^pophysectom5^ Heyl and Laqueui 
leviewed the pioblem of quantitative assa3i' of th3n*otiopic substance, 
1 ejected the indirect methods based on metabolism and also tbe method 
based on the weight of the gland and returned to analyses of the visual 
impiession of the hypei plastic changes, which occur chiefl3'’ in the centei 
of the gland The3^ defined six stages Recentl3’’ Aion^’- reconsideied 
the problem and suggested that a unit of thyiotropic activity uould 
be the amount pioducmg a certain increase, foi instance, of 5 to 10 m 
the nunibei of mitoses per micioscopic field in the thyroid gland of the 
guinea pig 

This problem was clearty stated in the important contribution by 
Rowlands and Parkes After consideimg the preceding methods the3" 
lesorted to the common procedure of bloassa3^ namel3^ studj of the 

6 Collip, J B , and Anderson, E Af The Production of Serum Inhibitor} 
to the Thyrotropic Hormone, Lancet 1 76-78, 1934 

7 Cuyler, W K, Stimmel, B F, and AIcCullagh, D R Quantitative 
Studies with Thyrotropic Hormone, J Pharmacol & Exper Therap 58 286-293, 
1936 

8 Klein, J The Coi relation of Alineral Aletabolism and the Vegetative 
Nervous System in Thyroid Disease, Ann Int Aled 8 798-804, 1935 

9 Heitz, S , and Oastler, E G Assay of Blood and Urine for Thyrotropic 
Hormone in Thv rotoxicosis and Alyxedema, Endocrinology 20 520-525, 1936 

10 Heyl, J G , and Laqueur, E Zur quantitativen Bestinimung der thyreo- 
tropen Wirkung von H} poph} senv'orderlappenpraparaten und die Einheit des 
tlivreotropen Hormons, Arch internat de pharmacodvn et de therap 49 338- 
354 1935 

11 Aron, Af Sur le titrage biologique de la thv reostimiihne prehypophysaire 
Le “seuil des mitoses” dans la thvroide des cobaves traites, Compt rend Soc de 
biol 123 250-253, 1936 

12 Rowlands, I W , and Parkes, A S Quantitative Studv of the Thvrotropic 
A.ctivitv of Anterior Pituitarv- Extracts, Biochem T 282 1829-1843, 1934 
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increase in ■weight of the gland They weie able to show a characteiistic 
cur\e of increase of w^eight accompanied by inci easing dosage They 
defined a unit as the thyrotropic activity contained in an amount of 
thyrotropic substance which "wdien given daily for five days will cause 
the thyroid gland of immatui e guinea pigs to attain a Aveight of 60 mg 
(i e , a doubling of the weight) This weight was determined after 
fixation of the gland in Bourn’s fluid and dehydiation to the stage of 
preparation foi sectioning at Avhich 70 pei cent alcohol is employed 

No compi ehensive study comparing the advantages of these vaiious 
pioceduies has been made, but in general it may be assumed that (1) 
the mitotic index of Loeb, wdiile undoubtedly sensitive, objective and 
accurate, must be time consuming, (2) the desciiptive histologic 
methods, depending on the visual impression of the individual observer, 
aie not objectively accurate, (3) the metabolic studies of Collip and 
the thjnoid maintenance plan of Hertz require hypophysectomy to 
rendei the lat sensitive to thyrotropic substance, Collip’s method is 
indirect, depending on a secondary variable — the sensitivity of the test 
animal to the thyroid substance pioduced by its stimulated gland, the 
Heitz technic requires eight days of maintenance and subsequent com- 
parison and IS not quantitative, (4) the only objection to the unit of 
Rowlands and Parkes is that it may not be small enough (this is not a 
fundamental criticism of the unit but implies that the method is not a 
delicate one) For physiologic studies of the guinea pig a method foi 
detecting levels of thj^otropic substance similai to those that are normal 
for the animal is requiied to learn the factois noimally influencing 
thyioid physiology In view of these objections w'e suggest the following 
method 

EXPERIMENTAL STUDIES 

The actual measurement of the height of the thyroid epithelium 
may be used to estimate the hypeiplasia pioduced by thyrotropic sub- 
stance This pioceduie is analagous to the Piice-Jones technic for 
studjnng led blood cells 

For test animals ive use immature female guinea pigs which have been kept 
on a standard laboratory diet and which weigh from 180 to 225 Gm The material 
to be tested is administered in three daily subcutaneous injections The animal is 
killed with ether on the fourth day The thyroid gland is removed on the 
trachea and fixed in solution of formaldehyde Paraffin sections are made and 
stained with hematoxylin and eosin The section is mounted so that the long 
axis of the gland is at right angles to the slide, this allows long parallel paths 
to be followed with the mechanical stage of the microscope With the oil immer- 
sion lens (we use a Leitz echelon micrometer that is calibrated so that one 
division equals 075 microns) the height of the cell of average size in the wall 
of 200 successne distinct acini is measured Interacinar cells are neglected 

13 Price-Jones, C Red Blood Cell Diameters, London, Oxford University 
Press, 1933 
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Acini of all diameters are used but only if a distinct lumen is present These 
200 measurements are tabulated, and a graph is made of the frequency cune 
The mode, mean, standard deviation and probable ei ror of the mean are determined 

RESULTS 

Measuiements foi untreated animals foim cuives with modes falling 
at 3 75 micions (chait 1) The mean heights of the cells calculated 
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HEIGHT OF CELLS OF ACIMI, MICRONS 

Chart 1 — Composite cur\ es for 18 normal untreated guinea pigs The mean 
cell heights in the glands ranged from 3 5 to 4 86 microns The average mean 
for all the animals was 3 94 microns 

from the cunes foi 18 control animals measuied in July, November, 
Decembei and Februaiy langed fiom 3 69 to 3 95 micions This indi- 
cates a lathei extraordinary uniformit} of contiol mateiial that is 
woithy of furthei imestigation It may be actual, as a result of uniform 
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diet and bleeding, oi the variations in h 3 'peiplasia appaient to other 
observers in control animals ma}'’ not affect enough of the mature acini 
to shift the curve Since the condition of this control material is funda- 
mental for the method as it is now arianged, a more detailed analysis 
of contiol animals is m piogiess 

Serial sections cut fiom the thyioid gland of a contiol animal and 
that of an animal tieated with th 3 notiopic substance veie measured Ity 
the same observei (chart 2) The modes of the five cuives fiom the 
five successive serial sections of the gland of the contiol animal weie 
all at 3 75 microns The mean heights of the cells langed fiom 3 6 
to 3 98 microns The modes of five curves from similai sections of 
the gland of the treated animals were double, at 4 5 and 6 microns The 
mean heights of the cells langed from 6 06 to 6 24 micions Thus, 
theie was a similai degiee of variation in the serial sections and in the 
control senes The diffeience m the control glands was 3 95 — 3 69 


Data on Ticatmcnt with a Picpatation of the Antcnoi Lobe of the Hvfophysis 


Evperiinent 

No 

Dose, Cc 

No ot Glands 
Counted 

NIodcs, 

Microns 

Range of 

Me ins. Microns 

A\ erage of 

Means, Microns 

1 

Controls 

IS 

3 75 

3 59-4 1 

3 77 -f- 0 015 

2 

0 00-25 

12 

45 

4 5-4 S 

4 05-I-0 01S 

s 

0 0050 

S 

4 5-G 

4950 

5 25 -1- 0 02 

4 

0 0100 

5 

45C 

350 

571-1-0029 

5 

0 0-200 

*5 

5 25 0 75 

0104 

0 14 ± 0 02S 


or 0 26 micions, the diffeiences in the seiial sections A\ere 3 98 — 3 60 
or 0 38 micions, and 6 24 — 6 06, or 0 18 microns 

A piepaiation of the anteiioi lobe of the bovine h 3 fpoph 3 ^sis con- 
taining thyrotropic piinciple was administered subcutaneously foi thiee 
days Aftei treatment with thiee dail 3 ^ doses of 0 0025 cc each, the 
cuives had a mode at 4 5 microns (chart 3 A) The mean heights of 
the cells of 8 such animals ranged from 4 5 to 4 8 microns Aftei tieat- 
ment with three daily doses of 0 005 cc each, the mode foi 8 animals 
vas 4 5 microns (chart 3 5), but the mean heights ranged fiom 4 9 
to 5 6 micions After 0 01 cc doses the curves were bimodal, at 4 5 
and 6 microns (chart 4A), the mean heights for 5 animals langed 
from 5 5 to 6 microns After 0 02 cc the cuives also weie bimodal, at 
5 25 and 6 75 microns (chart 45), and the mean heights foi 5 animals 
langed from 6 1 to 6 4 microns These data are shown in the accompan 3 ^- 
ing table 

Still gieatei shifts of the curve to the light was evident with 0 05 
and 0 1 cc doses The general rule seems to be established that there is 
an increasing shift to the right with increasing doses This is illustiated 
in a composite curve (chait 5) 


14 The preparation used was antuitnn — T, supplied b\ Parke, Davis & Co 
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CLINICAL STUDIES 

The piesent clinical lepoit on the uiinaiy assay of thyiotiopic 
substance is presented merely as an indication of the dnection the study 
IS taking Extracts fiom larger quantities of urine it is thought, ^Mll 
bring out the same clinical lelations more cleaily 

Fifty cubic centimeters of urine collected early in the moining was chilled 
and filtered, mixed wnth 450 cc of acetone and allowed to stand foi tw'entj-four 
hours The supernatant fluid Avas siphoned off, and the lesidue w'as centrifuged 
The precipitate w^as AA'ashed twnce with absolute alcohol and twnce with anhydrous 
ether Ten cubic centimeters of w^ater w'as then stirred wnth the precipitate and 



Chart 2 — A, frequencj" cur\ es for five successive serial sections fi om the 
th}TOid gland of an untreated guinea pig The mode was 3 75 microns and 
the mean 3 79 microns B, frequenc}'' curves for five successive serial sections 
from the th 3 ioid gland of a guinea pig treated w'lth three dail}’- miections 
(002 cc each) of a preparation of the anterior lobe of the hypophysis The 
curves w'cre bimodal, at 4 5 and 6 microns The mean w'as 615 microns 

this was allowed to stand for two or three hours and then centrifuged The 
supernatant aqueous solution w’as given bi' subcutaneous injection in duided doses 
during three daj's to an immature female guinea pig weighing approxiinateh 
200 Gm Wheneier possible duplicate studies w'ere made 

Such mateiial from 21 }oung men and ttomen, apparent!} normal 
tthose basal metabolic lates tanged from — 9 to + H pei cent (Aub- 
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Chart 3 — A, curve for the thjroid gland of a guinea pig which received three 
daily doses of 0 0025 cc each of a preparation of the anterior lobe of the hypophysis 
The mode was 4 5 microns and the mean cell height 4 57 microns B, curve for 
the thyroid gland of a guinea pig which received three dailj doses of 0005 cc 
each of a preparation of the anterior lobe of the h}poph\sis The mean cell 
height was 5 12 microns 
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Chart 4 — A, curve for the thyroid gland of guinea pig which received three 
daily doses of 0 01 cc each of a preparation of the anterior lobe of the hypophysis 
The mean cell height was 5 54 microns B, curve for the thyroid gland of a guinea 
pig which received three dail}'^ doses of 0 02 cc each of a preparation of the 
anterior lobe of the Inpophjsis The mean cell height was 6 36 microns 
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Du Bois) produced a slight but definite shift to the light of the control 
curve (chart 6) The mean heights of the cells langed fiom 3 49 ± 
0 038 to 5 04 rfc 0 042 nncions with an aveiage of 4 12 microns 

The difference between the average mean height of the cells of 
the thyroid glands of the contiol guinea pigs and that of the guinea 



Chart 5 — A composite picture of the curves obtained with increasing doses 
Note the shift to the right produced by increasing the dosage 

pigs treated with extiact of urine from normal persons, e g, 4 39r± 
0029 to 3 77 ±0 015 micions, was great enough to be of statistical 
significance as compaied with the probable erroi in the measurements 
of the cells of the contiol glands (0015 microns) 
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Such mateiial fiom a gioup of oldei men and women who were 
not myxedematous but whose basal metabolic lates langed fiom — 34 
to — 17 per cent and who showed values for blood cholesterol langing 
f I om 220 to 305 mg per hundi ed cubic centimeters produced a f ui ther 
shift to the right in the curve (chart 7) The mean heights of the 
cells ranged from 3 93 rt 0 028 to 5 92 ± 0 04 micions with an aveiage 
mean of 4 7 microns 



Chart 6 — A composite graph of the twenty-one curves for guinea pigs which 
were given injections of extract of urine from 21 normal persons whose basal 
metabolic rates ranged from — 9 to -f- 11 per cent The mean cell heights ranged 
from 3 84 to S 04 microns The average was 4 4 microns 

Such material from 3 men who had had total thyioidectomy foi 
heait disease, who had not received thyroid theiapy but who tv ere not 
completely myxedematous and whose basal metabolic rates ranged 
from — 31 to — 2 pei cent produced still greater shift to the light 





Chart 7 — A composite graph of the sixteen curves foi guinea pigs which 
were given injections of extiact of urine from 8 patients with low basal metabolic 
rates, ranging from — 16 to — 34 per cent, but without clinical signs of myxedema 
The mean cell heights ranged from 3 93 microns (controls) to 5 92 microns 



Chait 8 — A composite graph of the twehe curies for guinea pigs which were 
given injections of extract of urine from 3 patients after total th} roidectomj The 
mean cell heights ranged from 4 5 to 6 34 microns, with an average of 5 49 
microns 
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(chart 8) The mean heights of the cells ranged fiom 45 ±0029 
to 6 34 ± 0 05 microns with an aveiage mean of 5 4 micions 

Such material from 14 patients with hyperthyroidism, whose basal 
metabolic lates ranged from -j" 8 to -j- 90 per cent, produced no shift 



Chart 9 — composite graph of the twenty-nine curves for guinea pigs which 
received injections of extract of the urine of 14 patients with hyperthyroidism, 
the basal metabolic rates ranging from +8 to -f- 90 per cent The mean cell 
heights ranged from 2 96 to 5 44 microns, with an average of 3 53 microns 


in the curve to the right with 2 exceptions (chart 9) Four of these 
patients who showed negative results of assays for thyrotropic sub- 
stance in the urine had exophthalmos The mean heights of the cells 
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ranged from 2 96 ± 0 02 to 5 44 ± 0 03 microns, with an average mean 
of 3 53 micions 

The possibility that an excess of iodine in the urine of patients with 
hyperthyroidism would obliterate the effect of any thyrotropic sub- 
stance piesent is not complete^ contradicted, but the addition of 50 



Chart 10 — Curves for guinea pigs which recened injections of extract of 
urine from a patient after total thyroidectomj’- A, the urine was heated in order 
to destroy the thyrotropic substance B, SO micrograms of iodine was added 
(physiologic m hyperthyroidism) C, the usual treatment of the urine was 
employ ed 

inicrogiams of iodine to the 50 cc sample of urine from a patient with 
hypothyroidism following total thyroidectomy did not obliterate that 
effect (chait 10) This amount of iodine is the aliquot calculated fiom 
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the excefas of physiologic iodine known to be excreted in hypei thyi oid- 
isin Heating a specimen fiom this patient did prevent the effect, 
since thyrotropic substance is destro)''ed by heat (chait 10) 

SUMMARY AND CONCLUSIONS 

The inci eased height of the acinar epithelium of the guinea pig 
thyioid induced by thyrotiopic substance may be found by direct 
miciometei measurements, and the hypei plasia throughout the gland may 
be lepresented by a frequenc}^ curve derived from these measurements 
Inci easing doses of a solution containing thyrotropic substance pro- 
duce mci easing shifts of such cuives to the light 

The extract of 50 cc of urine of noimal persons produces a slight 
shift to the right 

An extract of 50 cc of uiine of nonmyxedematous persons with 
a loiv basal metabolic rate ma}'- or may not produce a gi eater effect 
The extiact of 50 cc of urine of men totally thyroidectomized for 
heart disease produced a still greater effect 

The extiact of 50 cc of uiine of men and women with hypei tltyioid- 
ism, with 01 wnthout exophthalmos, produced no effect except m 2 
cases (the occurrence of these exceptions cannot be explained) 

IS Curtis, G M Iodine Relationships of Thyroid Disease, Surg, Gjnec 
& Obst 62 365-371, 1936 



THE EXTERNAL SECRETORY FUNCTION OF 
THE HUMAN PANCREAS 
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ST LOUIS 

The earliest basic knowledge of the ph)^siology of the external func- 
tion of the panel eas came largel}" as a result of the pioneei studies of 
two eminent expei imental physiologists, Claude Bei nai d ^ and Ivan 
Pavlov- The formei, m 1856, showed that pancieatic juice is highl} 
essential to digestion , the latter, in 1902, demonstrated the existence of 
pancieatic enzymes In the same 3 ^ear Bayliss and Stalling ^ investigated 
the factois concerned in the secietor} stimulus of the pancreas and 
assigned the important role to a humoral mechanism vdneh they named 
secretin 

Mail}' valuable contiibutions to the physiology of the pancieas have 
been made dui mg the past thirty years and McClure in a i ecent paper 
has enumerated as follows the important physiologic facts which are 
now fiimly established 1 Stimulation of the external secretion of the 
pancreas is of humoral origin, but the exact mechanism i emains unde- 
termined 2 The ingestion of food is followed by secretion of pan- 
cieatic juice 3 The external secretion of the pancieas plays an 
essential role in digestion To these facts should perhaps be added the 

From the Department of Surger}'^ and the Department of Aledicine, St Louis 
Umversitj’^ School of Medicine 

Based on material presented in lantern slides by Dr J M AIcCaughan, at the 
Eightv-Eighth Annual Session of the American !Medical Association, Atlantic Citv 
N J , June 10, 1937 

1 Bernard, C !Memoire sur le pancreas et sur le role du sue pancreatique 
dans les phenomenes digestifs, particulierement dans la digestion des matieres 
grasses neutres. Pans, J B Balhere, 1856 

2 Pa^lov, Ivan The M'ork of the Digestne Glands, translated by W H 
Thompson, London, C G Griffin & Co 1902 

3 Ba}liss, W M, and Starling, E H The IMechanism of Pancreatic 
Secretion, J Plusiol 28 325-353, 1902 

4 McClure, Charles AV Obser\ations on the Phjsiologj and Pathologic 
Phvsiolog} of External Pancreatic Functions Re\ Gastroenterol 3 1-26, 1936 
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observations of Elman and McCaughan ° on the rapidly fatal effect in 
experimental animals of the complete loss of pancreatic juice by total 
drainage through a fistula 

The greater part of the infoimation regarding the external lunctron 
of the pancreas has been derived either from experiments conducted 
on lower animals or by indirect experiments on human beings m rvhich 
the pancreatic juice mixed with other intestinal secretions is obtained 
for study ordinarily by means of the Rehfuss tube Considerable interest 
attaches therefore to reports of clinical experiments performed directly 
on man Such observations are possible m cases of pancreatic fistula, 
and physiologic data of immense value have been accumulated in this 
manner The literature contains a gieat numbei of case repoits dealing 
with pancreatic fistula, but emphasis is largely given to discussions of 
the varied pathogenesis and of technical methods of securing closure 
Fortunately m a small number of the cases, however, careful chemical 
and physiologic investigations have been made, with the result that 
knowledge of human pancreatic physiology has been enriched 

REPORT OF A CASE 

The patient, a man aged 49, was admitted to the Firmin Desloge Hospital on 
Jan IS, 1936, for surgical closure of a pancreatic fistula which had followed a 
Billroth II type of gastric resection performed elsewhere The patient stated 
that the fistula had been draining for more than nine months The Wohlgemuth 
antidiabetic treatment had been instituted during this time in an endeavor to bring 
about healing of the fistula, but the result was unsatisfactory 

On physical examination the patient appeared markedly undernourished There 
were a few coarse rales in the left upper portion of the chest posteriorlj’’, but 
otherwise the thorax was normal There was an old median operative scar in 
the upper part of the abdomen, and about 4 cm below the xiphoid process was 
a tiny cutaneous opening which barely admitted the tip of a small probe The 
surrounding skin appeared normal A clear watery fluid was flowing profusely 
from this opening, and a sample was collected for identification and study The 
systolic blood pressure was 125 mm of mercury and the diastolic pressure 94 mm 
On laboratory examination the urine was normal except for an occasional leukocyte 
and erythrocyte The blood count showed 7,900 leukocytes and 3,940,000 erythro- 
cytes The hemoglobin value was 13 Gm A differential count was normal The 
clotting time and bleeding time were both normal, as was the clot retraction time 
The sugar, nonprotein-nitrogen, carbon dioxide and chloride values for the blood 
were within normal limits A sugar tolerance test by the Shaffer-Hartmann 
method gave a curve within the normal zone The Wassermann and Kahn tests 
of the blood gave negative reactions Examination of the sputum levealed no 
abnormality Gastric analysis showed normal free and combined acids Roent- 
genograms of the chest were essentially normal Fluoroscopic examination of 
the upper portion of the gastro-intestinal tract showed that the esophagus was 
normal, the stomach had been resected at its distal third and a gastro-enterostomy 

5 Elman, Robert, and McCaughan, John M On the Collection of the 
Entire External Secretion of the Pancreas Under Sterile Conditions and the Fatal 
Effect of Total Loss of Pancreatic Juice, J Exper Med 45 561-570, 1927 
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stoma had been made 2 inches (5 cm ) proximal to the blind end The barium 
sulfate passed freel}’’ through the stoma 

On February 1 the fistula was implanted into the anterior wall of the stomach 
by a method reported elsewhere The patient made a satisfactory reco\eri and 
was discharged from the hospital on March 15 Tw'ehe months after the operation 
he reported that he had remained entirely w'ell 

Expel imcntal Pioceduie — Ph 3 'sioIogic studies were made previous to operation, 
and the response to various excitator}'- and inhibitory drugs and foodstuffs was 
recorded A small glass funnel was first applied to the skin about the opening 
of the fistula and w^as held there wuth adhesive tape The patient was placed 
in the prone position on two tables set end to end in such a manner that the 
secretion could drop betw'een the tables and into the recording and collecting 
apparatus At least two hours was permitted to elapse after a meal before the 
beginning of the experiment Samples of the secretion w^ere collected at regulai 
internals, usually every fifteen minutes The total alkali m each specimen w'as 
titrated wnth tenth-normal h 3 ''drochloric acid, and the rate of flow' was measured 
before and after each experiment 

Expel imental Results — In order not to submit the patient to the risk of possible 
infection through introduction of a cannula into the fistula, the total volume of 
pancreatic juice discharged in tw'ent 3 '-four hours w'as estimated by calculations 
based on the average rate of flow' noted during numerous experiments An 
approximate estimate of 600 cc per diem Avas obtained The amount of secretion 
was found to be least during fasting and greatest after meals 

Comment — In the twenty-seven investigations reviewed by us 
legarding the amount of pancreatic juice discharged from a pancreatic 
fistula, the least amount (30 to 40 cc ) was recorded by Graf ® and the 
laigest (1,186 cc ) by Snyder and Lium ’ 

Ellinger and Cohn® weie among the fiist (1905) to note that the 
secietion of panel eatic juice in human beings is continuous Since 
then this observation has been confirmed many times ® 

6 Graf, P Zur Kasuistik der traumatischen Pankreasz 3 ’-sten, Munchen 
med Wchnschr 57 2529-2531, 1910 

7 Snyder, William H , and Lium, Rolf Pancreatic Fistula, Surg , Gynec & 
Obst 62 57-64, 1936 

8 Ellinger, A , and Cohn, M Beitrage zur Kenntnis der Pankreassekretion 
beim Menschen, Ztschr f physiol Chem 45 28-37, 1905 

9 (a) Babkin, B P Die aeussere Sekretion der Vardauungsdruesen, ed 2, 

Berlin, Julius Springer, 1928, pp 452-629 {h) von Friedrich, Ladislaus Ein 
Fall von Pankreasfistel, Klin Wchnschr 1 1658, 1922 (c) Glaessner, K, and 
Popper, H Zur Physiologic und Pathologic des Pankreasfistel-Sekretes, Deutsches 
Arch f klin Med 94 46-60, 1908 (d) Holsti, 0 Beitrage zur Kenntnis der 

Pankreassekretion beim Menschen, ibid 111 48-92, 1913 (e) Kahn, J , and Klein, 

H M Human Pancreatic Secretion Studies from a Case of Pancreatic Cv'St 
with Fistula, Am J M Sc 184 503-511, 1932 (/) Kogut, B , Alatzner, J, and 
Sobel, A E A Study of External Pancreatic Secretion in Man, J Clin InAcsti- 
gation 15 393-396, 1936 (p) Rnier, P Contribution a I’etude de la fonction 
pancreatique chez I’homme, cas de rupture traumatique du pancreas, Compt rend 
Soc de biol 97 699-670, 1927 (/i) WeaAcr, M M , Luckhardt, A B, and Koch, 
F C Preparation of a Potent Vaso Dilatin-Free Pancreatic Secretin, J A A 
87 640-645 (Aug 28) 1926 
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CHEMICAL COMPOSITION OP HUMAN PANCREATIC JUICE 

The chemical composition of human pancieatic juice has been so 
adequately studied by otheis, notably Ellmgei and Cohn,® Fiiedrich,®*^ 
Glaessnei,^” Glaessnei and Popper, Holsti,®'^ Kahn and Klein,®® 
Schumm and Villard and Labry,^" that we felt little would be accom- 
plished by repetition of then woik Oui investigation, theiefore, was 
limited to 1 datively few determinations, and these M^ere earned out 
mainly for the purpose of identification The fluid was watery , at times 
it was clear and at other times opalescent Sometimes a slightly yellow 
tinge was noticeable The specific giavity of a single specimen was 
1 005, and the />h was 8 65 The leaction was alkaline to methyl led, 
and the titiable alkalinity was equivalent to 65 cc of tenth-noimal alkali 
to 100 cc of the fluid A trace of protein was shown to tests with acetic 
acid and feirocyanide Lipase, amylase and inactive tiypsm were 
pi esent 

ETEECT OF HORMONES, DRUGS AND FOODSTUFFS ON THE RATE 
OF SECRETION AND ON THE TOTAL BASE 

The curves of secietion showed considerable fluctuation, and oui 
conclusions have been based on the difference between the average late 
before and the average rate aftei the administration of the substance 
under investigation In some curves the initial late appeared greatest 
The explanation is that the fistula tiact acted as a reservoir while the 
subject was in the recumbent position, and several cubic centinieteis of 
pancieatic juice necessarily accumulated When the patient was turned 
face down, the tract emptied lapidly and gave an apparent but false 
pictuie of active secietion We therefore waited until the rate became 
fairl)’- constant before beginning the experiments 

1 Seaehn — A piotem-free secietin was piepaied according to the 
method of Weaver, Luckhardt and Koch and was sterilized befoie 
being used This prepaiation was tested for possible toxic action on 
both dogs and guinea pigs The effect of the secretin piepaiation on an 
unanesthetized dog with a pancreatic fistula is Shown m chart 1 

The fiist expel iment (chart 1), in which 2 cc of secietm was injected 
intiamuscularly in our subject, showed a maiked use m total base which 
lasted foi between fifteen and thiity minutes and an increase m the late 

10 Glaessner, K Ueber menschhehes Pankreassekret, Ztschr f phvsiol 
Chem 40 465-479, 1903-1904 

11 Schumm, O Ueber menschhehes Pancreassecret, Ztschr f physiol Chem 
36 292-332, 1902 

12 Villard, M, and Labry, R Pseudo-kyste du pancreas Fistule pancreatique 
post-operatoire , remaiques physiologiques et therapeutiques, Lyon med 142 424- 
428, 1928 
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of flow fiom an aveiage of 3 drops a minute to an average of 7 drops 
a minute After a second injection of 3 cc of secretin fifteen minutes 
later there was no further response A second experiment \\ ith secretin 
(chart 7) m which the total base was not determined shoned a use in 
the rate of secretion from an aveiage of 6 4 drops to an aveiage of 10 
drops a minute after injection of 2 5 cc of secretin mtianiusculaily. 
but no further rise occurred after two subsequent injections of 2 5 cc 
Comment The effect of our preparation of secretin on the dog w as 
similar to that observed by other investigators Secretin when admin- 
isteied to the human subject produced a definite increase in the late of 
secietion Snyder and Lium reported inconclusive results aftei an injec- 
tion of 6 mg of secretin The flow of pancreatic juice has been much 
moie pronounced and constant aftei the administiation of secietm in 
animals than it has been in human beings McCluie has suggested that 



Chart 1 — The effect of secretin on the external secretor}’’ function of the 
human pancreas (secretor}’- curve of a control animal is also shown) 


this lesult can be explained by the maiked habitual diffeiences m the 
diets of dogs and of human beings, that of the latter being more complex 

2 JVofe) — This experiment Avas begun four houis aftei the last 
meal The flow -was observed for thirty minutes and was found to 
average 3 diops a minute At the end of this period the patient drank 
150 cc of water (chart 7) An increase in flow began almost immediately 
and averaged about 7 drops a minute for ten minutes 

Comment Snydei and Lium similarly obtained an immediate and 
stiikiiig response after the administration of water by mouth Ivy 
has shown that when a given quantity of water is taken by mouth and 

13 (a) Farrell, J I, and Iv 3 ', A C Contributions to the Phjsiology of the 
Pancreas II The Proof of a Humoral Mechanism of External Pancreatic 
Secretion, Am J Phj'siol 78 325-338, 1926 (6) Graf° (c) Ivj, A C Studies 

in Water Drinking, Am J Physiol 46 420-442, 1918 (d) I^IcClure 
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then immediately aspiiated fiom the stomach by tube and measured, a 
small portion (5 to 10 cc ) of the water is lost almost instantly into the 
duodenum along with the gastric secretogogues This may be the cause 
of the increased flow after the drinking of water 

3 Beef Bi oth — Fifty cubic centimeters of beef broth was given by 
duodenal tube A slight rise in rate of secretion and a fall in total base 
fiom 100 to 68 took place (chart 7) 

Comment The results of animal experiments with pure foodstuffs 
with regard to the amount of pancreatic juice secreted and the concen- 
tration of enzymes are not always applicable directly to man Most 
observers, however, hold that the flow is greatest after the taking of 
carbohydrate, less after the taking of protein and least after the taking 



Chart 2 — The effect of olive oil on the external secretory function of the human 
pancreas 

of fat In secretion curves aftei the administration of protein Holsti 
noted an initial rise, followed by a fall to zero until the middle of the 
second hour, and then a second rise which reached a maximum in either 
the third or the fourth hour 

4 Olive Oil — Fifty cubic centimeters of olive oil was given by tube 
The rate began to increase almost immediately, reaching 11 drops a 
minute in seven minutes and gradually falling to 4 drops a minute 
twenty-five minutes later The total base was not determined in this 
experiment (chart 2) 

Comment Ivy applied olive oil to the jejunal fistula of a dog and 
observed no increase in rate of secretion in a transplant of the pancreas 
in which the normal blood and nerve supply had been completely 
excluded Most observers record the largest volume of pancreatic secre- 
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tion after a cai bohydrate meal and the least amount after fatty foods, 
but Mocquot, Joltram and Laudat obtained the least response after a 
meal of meat 

5 De.xhose — Fifty cubic centimeters of 50 per cent dextrose was 
introduced into the tube An immediate rise from about 7 drops a minute 
to 13 drops a minute was noted, but after about ten minutes the rate 
fell from a mean level of 10 drops a minute to 5 5 drops a minute, and 
this level was maintained for twenty minutes, after which the experiment 
was teiminated The total base fell from 65 to 44 after the introduction 
of dextrose (chart 3) 


0 ) 

o 



Chart 3 — The effect of dextrose on the external secretorj function of the 
human pancreas 

Comment Snyder and Lium obseited a slow response to dextrose 
and attributed it to a delayed emptying time of the stomach caused by 
the hypertonic solution This explanation may not hold m oui case 
because of tbe fact that the pyloric sphincter had been resected along 
with the antium of the stomach Holsti®'^ and Wohlgemuth obtained 
a rise after tbe administration of pure carbohydrate 

14 Mocquot , Joltram, E , and Laudat Abces du pancreas d’ongine coli- 
bacillaire, fistule avec ecoulement de sue pancreatique , etude des secretions 
externes et internes du pancreas. Rev de med , Pans 50 231-245, 1933 

15 Wohlgemuth, J Zur Therapie der Pankreasfistel nebst Bemerkungen 
uber den Mechanismus der Pankreassekretion wahrend der Verdauung, Berl klin 
Wchnschr 45 389-393, 1908 
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6 The Mixed Meal — A meal containing the average amounts of fat, 
caibohydrate and protein of the oidinaiy general hospital diet was given 
The meal was finished in fifteen minutes, and obseivations weie carried 
on foi an additional twenty minutes A slight use m rate of flow and a 
slight fall in total base weie noted (chart 7) 

Comment According to Pavlov, when pui e f oodstufiFs are given and 
the volume of pancreatic juice secreted is obseived in experimental ani- 
mals, It IS found that the greatest amount follows the giving of carbo- 
hydrate, a less amount follows that of protein and the least amount of 
all that of a fat meal In human beings the findings have been more 
vaiiable, but in geneial they have tended to paiallel, m the mam, the 



Chart 4 — The eftcct of h 3 'drochlonc acid on the external secretor}' function of 
the human pancreas 

lesults m animal experiments In the majority of the studies of human 
beings the diets used have been mixed, with one oi another of the pii- 
mary foodstuffs predominating Wohlgemuth stated as his conclusion 
that the secietoiy curve after a mixed meal is a composite of the indi- 
vidual food constituents making up the meal 

7 Hydiochloiic Aad — One hundred cubic centimeters of 0 5 pel 
cent solution of hydrochloiic acid was given thiough a Rehfuss tube 
introduced diiectly into the jejunum A sharp rise m late of secietion 
from 9 to 13 diops a minute was noted There was no change in total 
base (chart 4) 

Comment Bayliss and Starling have shown that the intioduction 
of acid into the duodenum of animals causes a use in rate of flow, and 
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they said that this phenomenon could be accounted for b} the stimulation 
to secietm formation thus caused Sawitsch and Ciminata^" found 
that the flow induced by hydrochloric acid is richer m alkali but poorei 
111 feiments and that the so-called “nervous” type of secretion is pooler 
111 alkali but iicher in ferments Our results differed from these results 
of experiments perfoinied on animals, in that the total base was not 
affected 

8 Peptone — One hundred cubic centimeteis of 10 pei cent solution 
of peptone was given through the tube The secretory late lose rapidh 
from 5 to a maximum of 11 drops a minute and later fell again to 5 diops 
a minute There was no change m the total base (chart 7) 

Comment Popielskid® working with dogs, leported a diminished 
effect of gastiic juice in evoking pancreatic secretion by inactnating 
hydiochloric acid ivith peptone H 5 ''drochloric, sulfuiic, phosphoric, 
oxalic, acetic, taitaric and citric acid all had their effects weakened ten 
to tw^elve times by the addition of peptone In all cases the activity of the 
acids 111 evoking panel eatic secretion w^as pioportional to the hydiogen 
1011 concentration 

9 Sodnim Bicaibonate — Sodium bicarbonate pioduced no signifi- 
cant change m rate (a fall from an average of 5 to 4 5 drops pei minute) 
but a definite elevation in total base occurred, follow^ed later by a fall 
below^ the previous level (chait 5) 

Comment Some observers have noted an mhibitoi} effect aftei 
exhibiting sodium bicarbonate, but Karew'ski,^® Pavlov - and Glacssnei 
and Popper have denied that it has any effect on panel eatic secretion 
The use of sodium bicarbonate in conjunction with a diet low in caibo- 
hydiate is an integral pait of the method advocated by Wohlgemuth 
as an aid to encouraging closuie of a pancreatic fistula 

10 Coffee — Coffee caused a delayed rise m late and an inciease 
111 total base from 38 to 84 (chart 7) 

11 Btle Salts — Bile salts caused a fall in late and in total base 
(chait 7) 

Comment Iv} and Lueth and Mellanby-’^ leported an inciease in 
the flow of panel eatic juice after the exhibition of bile 

16 Sawitsch, W W Beitrage zur Phjsiologie der Pankreassaftsekrction, 

Zentralbl f d ges Plnsiol u Path d Stoff weeks 4 1-18, 1909 

17 Ciminata, A La secrezione esterna del pancreas dopo esclusione pilonca 
e gastro-digiunostomia a Y di Roux, Arch di fisiol 23 304-317, 1925 

18 Popielski, L Die Wasserstoffionen und die sekretonsche Tatigkeit der 
Bauchspeicheldruse, Arch f d ges Phjsiol 174 152-176, 1919 

19 Karewski, F Zur Diagnose und Therapie der Pankreascj sten, Deutsche 
mod AVchnschr 16 1035-1037, 1890 

20 I\- 3 , A C , and Lueth, H C On Bile Stimulation of Pancreatic Secretion 
Proc Soc Exper Biol & Aled 24 837, 1927 

21 Mellanb}, John Mechanism of Pancreatic Secretion, Lancet 2 ^15-^18 
1926 
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12 Magnesium Sulfate — Thirty cubic centimeters of a 15 per cent 
solution of magnesium sulfate caused no appreciable change in either 
rate or total base (chart 7) 



Chart 5 — ^The effect of sodium bicarbonate on the external secretory function 
of the human pancreas 



Chart 6 — The effect of mecholyl on the external secretory function of the 
human pancreas 

13 Mecholyl — One-tenth per cent mecholyl was given by ionto- 
phoresis, the electrodes being placed on the front and back of the thorax 
With 25 miihamperes of current, the rate of secretion rose from 5 to 
8 drops a minute After fifteen minutes the current was raised to 40 
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milliamperes, and the rate increased sharply to a maximum of 16 diops 
a minute The current was discontinued twenty-seven minutes aftei the 
experiment was begun, and the rate returned to noimal fifteen minutes 
later (chart 6) 

Comment Mecholyl exerts an excitatory effect on the parasympa- 
thetic innervation This drug proved to be the most powerful stimulus 
to the flow of pancreatic juice of any used in our experiments The 
effect noted is due, we believe, to stimulation of the parasympathetic 
nerve fibers supplying the pancreas 



Chart 7 — Summarizing the effect of the administration of various substances on 
the total base and on the rate of secretion of human pancreatic juice The white 
columns indicate the total base before and after the onset of the experiment The 
black columns indicate the secretory rates before and after the onset of the experi- 
ment The time of maximum duration is indicated above the columns 

14 Ab Opine — Atropine, %oo grain (0 006 Gm ), was given intra- 
muscularly A slight fall in rate occurred after ten minutes The total 
base was not measured (chart 7) 

Comment Atropine has been found to diminish the secretion 
Snyder and Lium, besides reporting a diminution caused by atropine, 
stated that the expected hourly rise after meals was converted into a 
fall which lasted about an hour 

22 Villaret, M, and Justin-Besangon, L Physiologic de la secretion pan- 
creatique de I’homme etudiee par la fistulisation du canal de Wirsung, Nutrition 
6*209-222,1936 Wea\ er, Luckhardt and Koch sh Glaessner^o Holsti 
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15 Physostigminc — Physostigmme, Y^q gram (0 0013 Gm ), was 
given intramuscularly No effect was noted foi thiiteen minutes, i/hen 
a gradual rise m secretory rate began The total base fell from 60 to 40 
(chart 7) 

16 Pilocaipme — After an injection of y% giain (0 008 Gm ) of 
pilocarpine hydrochloiide into the muscle, both late and total base fell 
slightly (chait 7) 

Comment The rise following the admmisti ation of physostigmme 
was anticipated The negative results with pilocarpine weie contrai)'^ to 
the effects obtained by others Snydei and Lium obtained a striking 
mciease in late of flow with much smallei doses of pilocarpine and 
physostigmme 

17 Epmephme — When epmephiine hj^diochlonde (0 005 Gm ) 
was given intiamusculaily, a fall m rate began in five minutes and 
leached an average of 2 drops a minute, which was maintained foi 
twenty-five minutes, the total base fell from 40 to 28 (chait 7) 

Comment These lesults are in accord with those of Aniep,-'* who 
obtained a fall in late of flow'^ by stimulation of the splanchnic ner^es 

18 Histaimne — After the mtramusculai injection of 0 0005 Gm 
of histamine phosphate theie was no significant change m late, and 
theie w^as onlv a slight fall m the total base (chait 7) 

SUMMARY 

Physiologic observations on the external secretoi} function of the 
human pancieas w^eie made on a patient in wdiom a pancreatic fistula 
developed after a Billroth II type of gastric resection The fistula w'-as 
later successfully transplanted to the anteiior wall of the stomach Pie- 
ceding the operation the effect on the late of secretion and on the total 
base was determined before and aftei the administration of vaiious 
drugs and foodstuffs 

The volume of panel eatic juice secreted in twenty-foui houis Avas 
estimated at 600 cc A use m secietory late (chart 7) follow^ed the 
exhibition of secretin, a mixed meal, Avater, hydrochloiic acid, beef bioth, 
dextrose, oln^e oil, peptone, coffee mecholyl and physostigmme A fall 
m the secretory rate occurred after the exhibition of sodium bicaibonate, 
bile salts, magnesium sulfate, atropine, epinephrine and histamine The 
total base Avas elevated after the administration of secretin, sodium 
bicarbonate and coffee and was depressed aftei the administi ation of 
a mixed meal, beef bioth, dextrose, bile salts, physostigmme, epmephiine 

23 Sawitsch Snyder and Lium " Villard and Labry 

24 Anrep, G V The Influence of the Vagus on Pancreatic Secretion, J 
Physiol 50 421-433, 1915-1916 
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and histamine There was no significant change in total base aftei the 
exhibition of hydrochloric acid, peptone and magnesium sulfate 

The literature on pancreatic fistula as far as it deals with similar 
observations on the physiology of the human pancreas has been reviewed, 
and the results of the investigations of others have been compared with 
our own results 

Dr W T Coughlin, Professor of Surgery, St Louis University School of 
Medicine, assisted in an advisory capacity 

ABSTRACT OF DISCUSSION 

Dr Howard M Clute, Boston Dr McCaughan is to be complimented not 
only on the valuable physiologic studies that he has made of his two patients 
with pancreatic fistula but also on the excellent results obtained with surgical 
treatment 

From the point of view of the general surgeon it is interesting to consider the 
method by which, in the course of gastric and pancreatic surgical treatment, 
pancreatic fistula is caused In my experience with patients with acute pancreatitis 
m which a dram has been inserted into necrotic pancreatic tissue, a permanent 
pancreatic fistula has not resulted, although transient drainage of pancreatic 
secretion may occur 

In a recent case in which subtotal pancreatectomy was performed no escape of 
pancreatic fluid from the wound postoperatively was observed, although at opera- 
tion I removed more than half the pancreas In cases of resection of the stomach 
I ha\e not seen the occurrence of postoperative fistula, although I have often 
taken out superficial portions of the pancreas with the tumor 

It appears to me that pancreatic fistula tends to develop when surgical inter- 
vention obstructs the main pancreatic duct and that no permanent fistula formation 
follows injury of only the pancreatic parenchyma 

After drainage of the biliary tract in acute pancreatic necrosis, the emptying 
of pancreatic secretion through the major duct is resumed in those cases in which 
recovery is obtained, and since the major duct is intact, no fistula forms In 
partial resection of the pancreas the major and minor ducts are tied off at then 
distal ends, but nothing interferes uith drainage through their proximal portions, 
hence a fistula does not form 

In cases of gastric resection, however, a different situation may arise owing 
to injury at operation either of the accessory duct of Santorini or even of the 
major pancreatic duct Surgeons should realize that the accessory pancreatic duct 
may enter the duodenum as much as 1 inch (2 5 cm ) above the level of the 
papilla of Vater When the duodenal stump is closed, therefore, after gastric 
resection, especial pains should be taken that the accessory pancreatic duct is not 
cut I ha\e shaved off the surface of the pancreas during gastric resection and 
ha\e left large raw areas of pancreas without having a fistula form I believe 
that injury to the pancreatic ducts themselves is necessary to fistula formation 

It is interesting to inquire why pancreatitis does not follow the transplantation 
of a pancreatic fistula into the stomach Commonly bouts of cholangeitis follow 
anastomosis of the gallbladder and the stomach, yet there is no pancreatitis in 
cases in uhich the pancreas drains directly into the stomach after a fistula is 
transplanted It is of course true that the pancreatic secretion is continuous both 
bj day and by' night, but this in itself does not seem an adequate explanation of 
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the problem Further information on this subject may well be applied to cases 
of biliary intestinal anastomosis in the prevention of postoperative infection of the 
biliary tract 

Dr William T Coughlin, St Louis As I listened to Dr McCaughan I 
was reminded of Beaumont, who took advantage of opportunity when it presented 
itself I wish to compliment Dr McCaughan on the zeal, care, skill and efficiency 
with which he has carried out his experiments The amount of work is appalling, 
especially from the standpoint of an older man This is a young man’s work 
Several years ago, when some one was asked to discuss surgery of the pancreas, 
he said, “Well, it’s a good deal like discussing the hepatology of Ireland ” There 
was not much surgery of the pancreas Now, through the efforts of the younger 
investigators, who are being trained in chemistry and physiology, the problems 
are gradually being solved There is a considerable amount of surgical treatment 
of the pancreas today 

Treatment of the fistula has given surgeons trouble for a long time Trans- 
plantation of the fistulous tract has been done for fistula of the common duct for 
many years, but it has not always been successful, the reason being that the tract 
IS most often a tube of connective tissue, not lined with epithelium, and will 
probably continue to shrink As time goes on there is danger that the condition 
will recur and lead to cyst formation, abscess or some other complication 

The secretion of the pancreas is necessary to life, and it is estimated that 
the amount secreted daily is about 400 cc It is not, then, dehj'^dration that kills 
the patient with a large fistula but a loss of the chemicals contained in the large 
amounts of secretion So far the biochemists have not been able to supply substi- 
tutes for everything that the pancreas furnishes the organism, but they are on 
the way, and I think that soon it will be possible to lemove the pancreas in toto 
for cancer and give the patient something as a substitute, unless Dr Rowntree 
and his associates make all surgical treatment of cancer unnecessar\ 

The story of cancer of the pancreas is disheartening from a surgical standpoint, 
and the cysts, the traumas and the fistulas just about completed the series of 
successful surgical conditions until recently, when adenoma of the pancreas was 
brought to attention If the medical workers and the chemists will do what 
surgeons require of them, I feel certain that with the younger investigators coming 
along the way they are, it will not be long before surgeons can do anything 
required with regard to the pancreas 

Dr John J Gilbride, Philadelphia My experience in this regard has been 
limited to a study of a few of my own patients with pancreatic fistula, some 
patients seen through the courtesy of the late Dr John B Deaver, with whom I 
made the rounds of the wards for years at Lankenau Hospital, and some experi- 
mental work on dogs 

The management of pancreatic fistula is a difficult task In these cases the 
course was violent, being characterized by severe local and systemic manifesta- 
tions — local in the digestive effect on the abdominal wall and general in the effect 
caused by toxemia, dehydration and acidosis 

Treatment consists in the protection of the abdominal wall, administration of 
alkalis, milk diet and replacement of the body fluids 

Many of the cases of pancreatic fistula reported m the literature do not appear 
to me to be of this type, largely because of the mild and prolonged course, m 
some of them extending over a year or two That is not the course of pancreatic 
fistula in my experience According to what I have seen of so-called fistulous 
tracts in the human being, the wall is formed by the adjacent organ, and there is 
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not a definite, fibrous, separate-walled tract Furthermore, m my opinion, it is 
absurd to speak of the transference of the wall of a fistulous tract A. fistula 
IS controlled by attacking it at its source and not by attacking it at its termina- 
tion, moreover, a fistulous tract will close of its own accord when its cause has 
been removed 

Dr Rolf Lium, Boston I ha\e seen two patients with pancreatic fistula 
One was in a man of 45 who had had local resection for carcinoma of the ampulla 
of Vater Dr Beth Vincent performed this operation, and in the course of the 
procedure the duct of Wirsung was cut across A catheter was inserted into 
the duct, and brought out transduodenally and through the abdominal incision In 
the eleven days following the operation it was possible to collect pure pancreatic 
juice, which varied in amount from 200 to 1,400 cc in twenty-four hours The 
latter figure is the largest amount of pancreatic secretion that has ever been 
obtained from the fistula of a human being 

The other patient was a boy with traumatic rupture of the pancreas The 
pancreatic bed was drained after abdominal exploration, and a fistula became 
established which drained 500 cc a daj He had se^eral attacks of epigastric 
pain, nausea and vomiting, with tumor formation, all of which subsided on reestab- 
lishment of the fistula When he entered the Lahey Clinic, four months after the 
original injury, he was placed on the Wohlgemuth regime This produced a 
diminution in quantity of secretion to about ISO cc a day, but once the reduction 
had been effected, the secretion remained at a plateau level and showed no e\idence 
of further reduction 

Dr Lahey performed a pancreatojej unostomy which was successful Six 
months later the patient, while playing baseball, was again struck in the abdomen, 
and because of the severe pain another exploratory operation was performed 
The line of anastomosis was perfectly intact, and definite injurj was not demon- 
strated 

A pancreatic fistula arises after some types of suigical piocedure in the 
neighborhood of the pancreas, and in 60 to 80 per cent of cases it follows mar- 
supialization and drainage of a pancreatic cyst This type of treatment has the 
sanction of long usage, but it is not the only method that has been tried I have 
found reports by various authors of twelve cases in which primary anastomosis 
was effected between a pancreatic cyst and the digestive tract In six cases 
pancreatogastrostomy -was perfoimed, in two cases each pancreatoduodenostomy 
and pancreatocholecystostomy and in one case pancreatojej unostomy The operative 
mortality was zero, and all the patients were well after operation One patient 
died of pulmonary tuberculosis seven weeks after operation, and the pancreatic 
cyst had shrunk from the size of a child’s head to that of a walnut No retrograde 
infection of the pancreas occurred 

In view of these cases I believe that primary anastomosis between a pancreatic 
cjst and the gastro-intestinal tract should be part of the surgical treatment of 
this condition It wull sa\e the surgeon and the patient the trouble of a post- 
operatne fistula, and in certain instances it will avoid a secondary operation for 
transplantation 

Dr a C I\\, Chicago I should like to correct a statement made bj the 
last speaker Secretin has been injected intra\ enously into human beings by three 
other groups of w'orkers, and it has been found to be actne, as a matter of fact. 
It has been suggested b\ tw'o different groups as a means of testing pancreatic 
lunction 
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I have frequently been asked questions pertaining to the care of the patients 
with a pancreatic fistula, particularly in cases in which a great deal of digestion 
of the abdominal wall occurs What can be done to decrease the production of 
pancreatic juice? I was interested in Dr McCaughan’s report primarily from 
the point of view of inhibitors of pancreatic secretion I gathered, as I followed 
his slides, that according to his observations atropine is probably the best drug 
for that purpose My colleagues and I have been giving the question considerable 
attention in our laboratory this past year, and Dr Craft has found that ephednne 
given subcutaneously is the best drug for reducing the pancreatic secretion in the 
dog, as a matter of fact, if 10 mg of ephedrme is given subcutaneously every two 
hours, the pancreatic secretory response to a meal can be decreased by SO per cent 
We use silicon dioxide gel as a dressing powder As to diet, the Wohlgemuth 
recommendation is the best, namelj’’, a low carbohydrate, medium protein and high 
fat diet, with sodium bicarbonate 

Dr J M McCaughan, St Louis I agree with Dr Lium’s discussion of 
the principles of treatment m these cases 

I should like to show again a slide that I put on before demonstrating the 
resection of the distal third of this stomach It might be expected, of course, 
that this resection would interfere with gastric motility, and also one might expect 
that the various substances when injected into the stomach would pass into the 
jejunum rather than into the duodenum and that the effect quantitatively and 
qualitatively on the pancreas might indeed be different That is partly unanswer- 
able However, I believe that Dr Ivy has done some work in which he has 
brought up a loop fistula in dogs, the so-called Thiry-Vella fistula, and has then 
applied to the jejunum some of the same substances, particularly mineral acids 
and fats He has shown that when a transplant of the pancreas is made subcu- 
taneously, secretion of pancreatic juice takes place when these materials are applied 
to the jejunum As can be seen, such a transplant is entirely free from any 
nerve or vascular connection with the duodenum 
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In 1926 Thannhauser and Schabei,^ developing the obseivation 
made by Feigl about eight 3 ^ears plevlousl 3 ^ found a consideiable 
decrease in the ratio of estei to total cholesteiol of blood in paienclty- 
matous hepatic disease To this phenomenon they gave the name 
cholesterol Estei stuis and said they consideied that it was due to 
impaiiment of the liver in a postulated synthesis of cholesterol esters 

Since that time controversy has arisen regarding not only the con ect- 
ness of the inteipretation but even the validity of the actual findings 
in the blood Most of the clinical evidence pro and con has been 
reviewed by Gai dner and Gainsborough - and b 3 ’’ Epsteinp and the 
expel imental angle has been discussed by Chanutin and Ludewig^ in 
a paper which constitutes a valuable contribution to the subject Much 
of the dispaiity in clinical observations and a good deal of the disparit 3 
even in the more controllable experimental work on animals have been 
due to the failure of investigators to take into account factors othei 
than damage to the liver which affect the coiicentiation of cholesterol 
bodies and other lipids in blood One of the commonest of these other 
factors IS fever, which has a definite lipopenic effect if of any duration 

From the Department of Pharmacology and tlie Department of Medicine, 
Queen’s University 

This work was aided financially by a grant from the Alice F Richardson 
Fund of the Kingston General Hospital 

1 Thannhauser, S J , and Schaber, H Uebcr die Beziehungen des Gleich- 
gewichtes Cholestenn und Cholestermester ini Blut uiid Serum zur Leberfunction 
Kim Wchnschr 5 252-257, 1926 

2 Gardner, J A , and Gainsborough, H Blood Cholesterol Studies in Biliary 
and Hepatic Disease, Quart J Med 23 465-483, 1930 

3 Epstein, E Z Cholesterol of the Blood Plasma m Hepatic and Biliari 
Disease, Arch Int Med 50:203-222 (Aug) 1932 

4 Chanutin, A , and Ludewig, S The Blood Plasma Cholesterol and Phos- 
pholipid Phosphorus in Rats Folloiving Partial Hepatectomy and Following Liga- 
tion of the Bile Duct, J Biol Chem 115 1-14, 1936 
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but which may be hpemic in its eaily stages ® The weight of available 
evidence indicates that in uncomplicated paienchymatous disease of the 
hvei theie occuis a deciease in plasma estei cholesterol, with variable 
changes in plasma-free cholesteiol, and hence that there is a more 
significant deciease in the ratio of ester to total cholesterol In uncom- 
plicated obstiuctive jaundice, on the other hand, the common finding 
IS hypercholestei emia The determination of estei and total cholesterol 
has therefoie been advocated, especially by Epstein,® as a diagnostic 
aid in dijfierentiating obstiuctive fiom nonobstiuctive jaundice 

Gardnei and Gainsboiough ® stated the opinion that the Estei sf me 
is due to failure of absorption of cholesteiol and fat from the intestine 
in the absence of bile, because they found a low ester — total cholesterol 
latio 111 cases of biliaiy fistula Hawkins and Wiight® said they dis- 
agreed with this conclusion because the}'' obtained a low ratio even 
though bile was present in the stools Thannhausei and Schabei ^ 
originally postulated that the condition is due to failuie of the liver 
to synthesize cholesteiol estei s at the normal late 

Many of the inteipretations of the changes m cholesteiol metabolism 
are lendered futile by failure to considei cholesterol as an inherent pait 
of lipid metabolism Cholesteiol binds with fatty acids to pioduce 
cholesterol estei s, and these estei s aie undoubtedly undei the influence 
of factors which affect lipid metabolism Cholesteiol admittedly maj 
function beyond the lealm of lipids, but this does not justify its isola- 
tion from hpids, as appaiently implied by Gardnei and Gainsboi ough ® 
(“Cholesteiol and its derivatives are too often lumped together with 
fats, lecithides, etc , with which they have not the slightest chemical 
connexion, undei the misleading teim ‘hpoid ’ ”) In the present woik 
it was found that the cholesterol Estei st me of parenchymatous hepatic 
disease was in reality part of a geneial hpopenia, a finding which must 
certainly be considered in evaluating any explanation 

The present work comprised a study of twenty-seven patients with nonobstruc- 
tive jaundice or bihrubmemia from the medical divisions of the Kingston General 
Hospital A variety of hepatic conditions was included in this group, such as 
hepatic cirrhosis, congestion of the liver, catarrhal jaundice, arsphenamine poison- 
ing and hepatic toxemia of pregnancy (one case) All the patients exhibited in 
common bihrubmemia, with a plasma cholesterol Esteishiic and no evidence oi 
increased body temperature or any other condition apart from the hepatic dis- 
turbance which IS known to affect the concentration of plasma hpids Blood was 
obtained during fasting and oxalated Extracts of the plasma and of the red 
blood cells were immediately prepared by the method of cold dilution, and the 
extracts were analyzed by a modification of the oxidative micromethods of Bloor, 
as used in previous studies ® The results obtained have been summarized statis- 


5 Boyd, E M The Lipopenia of Fever, Canad M A J 32 500-506, 1935 

6 Ha■^vklns, W B , and Wright, A Blood Plasma Cholesterol Fluctuations 
Due to Liver Injurv and Bile Duct Obstruction, J Exper Med 59 427-439, 1934 
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tically in tables 1 and 2, in ^\h^cl^ the ^aIues for normal adults are those preMOush 
obtained b} these same methods 

Accompanying the cholesterol Esteistniz of hepatic disease there 
was found to be statistically significant hpopenia (table 1) analogous 
to the hpopenia of fever = and of hypeithyroidism ® The aAerage A^alues 

T\ble 1 — L-ipopemc Changes m Plasma A<;<!ocmtcd zvith Cholesteiol Estostmz 
m Paienchymatoiis Hepahe Disease 


Composition of Total Lipid** 





Total 

Cholesterol 


Phos 

^ aliie 

'IOt.lI 

Lipid 

Neutral 

r,it 

Fattx 

Acid 

'Total 

/ 

Lstcr 

Free 

pho 

hpid 

Aritlimeticnl moan 

Nonnal Adults 

C17 154 

3G2 

181 

128 

33 

195 

Standard den ition 

75 

77 

G2 

22 

2.3 

10 

37 

Coellicient of variation 

12 

50 

17 

12 

18 

19 

19 

Adults with Parenchjmatous Hepatic Disease 
'Arithmetical mean 390 133 237 103 

G5 

40 

102 

Standard deviation 

59 

6S 

45 

21 

22 

11 

33 

Ooefflcient of variation 

13 

51 

19 

20 

34 

27 

32 

Average percentage decrease from nor- 
mal 

37 

14 

33 

42 

49 

23 

48 

Mean subtracted from normal mean 

227 

21 

123 

7G 

G3 

13 

93 

Standard deviation plus normal stand 
ard deviation 

134 

145 

107 

43 

43 

21 

70 


** Tho Iipid 1 allies are expressed m milliprams per hundred eiibic eentimeters of plasma 


Table 2 — The Lipid Content of the Red Blood Cells in Pai endiymatous Hepatic 
Disease Associated zvitli Cholesteiol Estcistins in Plasma 


Composition of Total Lipid* 

A 




Total 

Cholesterol 


Phos 

1 nine 

Total Kcutral 
Lipid Fat 

Fattv 

Acid 

"Total 

l 

Ester 

Free 

pho 

lipid 

Arithmetical mean 

Normal Adults 

39S 93 

333 

140 

C 

140 

3G1 

Standard deviation 

C2 42 

41 

32 

9 

2G 

3C 

CoefTicient of variation 

10 43 

12 

23 

130 

19 

13 

Arithmetical mean 

Adults with Parenchymatous Hepatic Disease 
70S 55 371 184 

30 

134 

42G 

Standard deviation 

152 52 

78 

33 

31 

13 

87 

Cocflleient of variation 

22 93 

21 

29 

102 

11 

20 


* The lipid values are expressed in milligrams per hundred cubic centimeters of red blood 
cells 


of lipids 111 plasma veie deci eased fiom 14 to 49 pei cent The most 
maiked deciease vas noted in the total and estei cholesteiol and phos- 
pholipid values all tliiee of which ^\ele lowered b} 40 to 50 pei cent, 
on the aveiage The total lipid and total fatty acid values fell by a 

7 Botd, E The Lipcmia of Pregnancy, J Clin Intestigation 13 347-363 

1934 

S Em d, E Jif , and Connell W F The Lipopenia of Hx pertln roidism 
Quart T Ivied 6 231-239 1937 
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mean of 30 to 40 per cent Lesser aveiage deci eases were recoided m 
the concentrations of plasma neutral fat and free cholesterol, but these 
mean changes were not found to be statistically significant 

A statistically significant dififeience from noimal in these results 
may be concluded to exist if the sum of the standard deviations of two 
corresponding means is less than the diffeience between the means 
The diffeiences between the means for plasma and the sum of the 
standard deviations of these same means are given in the last two lines 
of table 1 When the figuie in the last line is less than the figuie imme- 
diately above it, a significant change fiom normal may be concluded 
to have occurred in the concentration of that particulai lipid With 
this criterion of significance, there was found to be a leal deciease m 
the total lipid, total fatty acid, total cholesteiol, ester cholesteiol and 
phospholipid contents of the plasma of these patients There was not 
a significant decrease in the amount of free cholesterol and neutral fat 
The data given in table 1 demonstiate just as clearly as if the results 
had been reported in toto that in parenchymatous hepatic disease asso- 
ciated with cholesterol Esteisknz, many i allies for plasma neutial fat 
and free cholesterol may be found within as well as below the normal 
range but that practically all values foi the othei lipids of plasma are 
below the normal range 

To compare with normal the lelative variations of hpid values in 
this type of hepatic disease, coefficients of variation have been calculated 
for each lipid The coefficient of vaiiation was detei mined b}’' multi- 
plying the standard deviation by 100 and dividing by the mean , it rep- 
resents the standard deviation expressed as a percentage of the mean 
The relative vaiiation of the plasma total lipid, neutral fat and total 
fatty acid contents was about the same as noimal, but there was 40 to 
90 per cent more variation than normal in the values for the cholesterol 
fractions and phospholipid 

Coincident with the occuirence of hpopenic changes in the plasma, 
the lipid content of the red blood cells was found to be elevated in a 
number of instances, but this did not occur consistently enough to be 
labeled as statistically significant These results are summarized in 
table 2 There were increases in the mean value of total lipid, total 
fatty acid, total cholesterol, ester cholesterol and phospholipid and a 
mean decrease m neutral fat and free cholesterol In no instance was 
the sum of the standard deviations less than the difference of the means 
This indicates that many of the values were within the normal range, 
which was precisely the case As seen by the coefficients of variation, 
most of the values were considerably more variable than normal It 
may be concluded that in parenchymatous hepatic disease with asso- 
ciated cholesterol Esteisturz, instances occur in which there is an 
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inci eased lipid content of the red blood cells but that this does not occui 
111 all or in a considerable majoiity of cases 

The lesults in one oi two cases merit further discussion A young 
man, a university student with a history of fiequent occurrence of 
jaundice in his family, was admitted to the hospital with jaundice, 
giayish stools, slight fever and an icteric index of 30 The temperature 
lapidly subsided with recovei}^ of the patient, and a few days later 
lipid analysis revealed 90 mg per hundied cubic centimeters of free and 
no ester cholesterol in the plasma The plasma phospholipid content 
was 52 mg per hundred cubic centimeters, but the neutral fat value was 
inaikedly elevated, to 305 mg per hundred cubic centimeters, and the 
plasma was distinctly milky The nonoccuri ence of ester cholesterol 
in human plasma has previously been reported^ but is rare 

A second interesting case was that of a married woman (tripaia) 
aged 24 with hepatic toxemia of pregnanc}'- No values for plasma 
lipids ha^e previously been reported m this rare condition The patient 
was eight months pregnant when admitted to the hospital She had 
been vomiting regularly for nearly a month and was slightly jaundiced 
She had vague pains in the legs, areas of paresthesia on the hands and 
exaggeiated reflexes The blood pressuie was noimal, and the urine 
contained 1+ albumin, acetone, diacetic acid, bile and a few casts The 
blood showed an elevated urea content (46 to 66 mg per hundied cubic 
centimeters), a low plasma albumin content (2 7 Gm per hundred cubic 
centimeters) and an icteric index varying between 18 and 36, but 
normal dextiose and uric acid contents and a normal carbon dioxide- 
combining power Analysis of the plasma revealed a total lipid content 
of only 413 mg per hundred cubic centimeters, less than half that nor- 
mally expected at this time, since the patient should have shown, if 
normal, lipemia of pregnancy ' The following values were noted 68 
mg of neutral fat, 227 mg of total fatty acid, 123 mg of total choles- 
terol, 63 mg of ester cholesterol, 60 mg of free cholesterol and 180 mg 
of phospholipid per hundred cubic centimeters of plasma All these 
values aie subnormal for a pregnant woman near term," except the 
phospholipid and fiee cholesterol values, which were about what might 
be found normally The case is of interest as being the first recorded 
instance of a complete diffeiential lipid analysis of plasma in hepatic 
toxemia of piegnanc}^ 

The next question for consideration concerns the interpretation that 
can reasonably be placed on these results in cases of parenchymatous 
disease of the liver Gardner and Gainsborough," from studies of 
cholesteiol alone, said they considered that the decrease in plasma cho- 
lesterol esters vas due to failure of proper absorption of cholesterol 
and fat from the intestine in the absence of bile While Hawkins and 
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Wright ® said they discounted this explanation with the finding of bile 
in the stool together with a low plasma ester value, the present results 
show further that this theory is untenable One could scarcely conceive 
of impaired intestinal absorption simultaneously lowering the plasma 
content of cholesterol esteis and phospholipid but having no effect on 
free cholesterol and neutral fat During the absorption of sufficient 
quantities of fat by the intestine, all plasma lipids, especially neutral fat, 
aie increased in value 

The original explanation of Thannhauser and Schaber,^ that choles- 
teiol esters are decreased in plasma because damage to hepatic cells 
hindeis one of their functions in synthesizing esters from cholesterol 
and fatty acids, appears to be the most leasonable theoiy to account foi 
the results Cholesterol esteis aie not stored to any extent in normal 
tissues, although they are appaiently synthesized as a by-pioduct in 
degenerating tissue ® A lessened production of cholesterol esters would 
thus soon lesult in a diminution in their concenti ation in the plasma, 
the only medium in which they aie found m any quantities Thann- 
hauser and Schaber ^ have argued that since damage to the livei lowers 
the plasma content of cholesterol esters, it is likely that these substances 
are produced in the livei Supporting this is the fact that cholesterol 
esterases have been found in the Iivei 

The theory that hepatic damage is the cause of the deciease in plasma 
ester cholesterol is further substantiated by the fact that the same theory 
may be invoked to explain the decrease in phospholipid of plasma found 
herein and found experimentally by Chanutin and Ludewig ^ The liver 
has been postulated by many, moie recently by Sinclair,^® as a probable 
site of the synthesis of phospholipids Accepting this, it is reasonable 
to find that in parenchymatous hepatic disease the plasma content of 
phospholipid falls, since metabolic phospholipid is also not generally 
stored in other tissues of the body 

It is generally accepted that cholesterol is leadily synthesized in 
many tissues of the body Neutial fat is present in abundance in prac- 
tically all tissues of the body, being the storage form of fat Damage 
to the liver would not therefore be expected to have any considerable 
effect on the concentration of either of these substances in plasma Any 
decrease which does occur is probably due to the presence of insulficient 
phospholipid to aid in the colloidal solution of these aqueous insoluble 
substances 

9 Boyd, E M The Relation of Lipid Composition to Physiological Activity 
in the Ovaries of Pregnant and Pseudopregnant Rabbits, J Biol Chem 108 607- 
617, 1935 

10 Sinclair, R G Fat Metabolism, in Luck, J M Annual Review of Bio- 
chemistry, Stanford Unnersity, Calif, Stanford University Press, 1937, vol 6, 
pp 245-268 
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Assuming that a dynamic equihbiium exists between lipids ni plasma 
and lipids in tissues, impaiiment of hepatic function would thus icsult 
m a giadual deciease in plasma phospholipid and cholesteiol estei con- 
tents but would not necessaiily aftect the content of free cholesteiol 
and of neutral fat This appeals to be the most likely explanation of 
the lesults obtained heiein, but it is advanced as a woiking hjqDOthesis, 
not as a proved theoi}'- 

A point which is difficult to bung into line with this h}pothesis is 
the accumulation of fat and cholesteiol estei s in the livei in certain 
conditions (acute yellow atiophy, depanci eatized insuhnized dogs) m 
\\hich the plasma content of cholesteiol estei s falls The lattei 
cholesteiol estei s may repiesent esters pioduced as a lesult of degeneia- 
tion, as 111 the ovaiy,** rathei than metabolic esters, but wh}'’ such esters 
do not leadily diffuse into the plasma is a question The fact that 
admmistiation of choline and some related compounds leheves the fatty 
infiltration of the livei and bungs the lipopenic plasma value to normal 
111 expel iniental animals suggests that the synthesis of phospholipid and 
the synthesis of cholesteiol estei s in the hvei may be in some niannei 
interrelated 

SUMMARY 

A statistical!}'- significant deciease, avei aging 35 to 49 pei cent, was 
found 111 the concenti ations of plasma total lipid, total fatty acid, total 
and ester cholesteiol and phospholipid in twenty-seven cases of paieii- 
chyniatous hepatic disease with associated cholesteiol Esfastiiis Lessei 
aveiage deci eases in the plasma neutial fat and the free cholesteiol 
content weie noted but weie not found to be statistically significant 

Occasionally, inci eased amounts of lipid weie encounteied in the 
led blood cells, but m othei cases the values were within the noimal 
lange, and theie was no change in the led blood cells which was chaiac- 
teiistic foi the entiie gioup 

A case in which theie was no plasma ester cholesteiol and a case 
of hepatic toxemia of piegnancy aie lepoited 



STUDIES ON PORPHYRIA 

III ACUTE IDIOPATHIC PORPHYRIA 

WILLIAM J TURNER, MD 

NORTH LITTLE ROCK, ARK 

The clinical and pathologic aspects of poiphyna were extensively 
leviewed by Mason, Courville and Ziskmd ^ in 1933 In the German 
literature the chemistry of porphyria has recently received consideiable 
attention - In the American literature recent papers by Dobrmer and 
his associates,® Watson^ and Watson and Clarke® have added impoi- 
tant new data The lecent monogiaph by Waldenstrom® has clarified 

From the University of Chicago Clinics, Chicago 

1 Mason, V R , Courville, C , and Ziskind, E Porphyrins in Human Dis- 
ease, Medicine 12 355, 1933 

2 (o) Fischer, H Ueber Hamm und Porphyrine, Verhandl d deutsch 

Gesellsch f inn Med, Kong 45, 1933, p 7 (b) Waldenstrom, J Some Obser- 

vations on Acute Porphyria, Acta med Scandinav 83 281, 1934, (c) Untersuch- 
ungen uber Harnfarbstoffe, hauptsachlich Porphyrine, mittels der chromato- 
graphischen Analyse, Deutsches Arch f Iclin Med 178 38, 1935 (d) 

Waldenstrom, J , Fink, H, and Hoerburger, W Ueber em neues bei der akuten 
Porphyne regelmassig vorkommendes Uroporphyrin, Ztschr f physiol Chem 
233 1, 1935 {e) Schreus, H T Ergebmsse und Probleme der Porphvrinforsch- 

ung, Klin Wchnschr 13 121, 1932 

3 (a) Dobrmer, K Urinary Porphyrins m Disease, J Biol Chem 113 1, 
1936, (b) Simultaneous Excretion of Coproporphyrin I and III m a Case of 
Chronic Porphyria, Proc Soc Exper Biol & Med 35 175, 1936 (c) Dobrmer, 
K, and Rhoads, C P The Excretion of Coproporphyrin I Following Hemor- 
rhage m Dogs, J Clin Investigation 17 105, 1938, (d) The Metabolism of Blood 
Pigments in Pernicious Anemia, ibid 17 95, 1938 

4 Watson, C J Concerning the Naturally Occurring Porphyrins I The 
Isolation of Coproporphyrin I from the Urine in a Case of Cinchophen Cirrhosis 
J Clin Investigation 14 106, 1935, II The Isolation of a Hitherto Undescribed 
Porphyrin Occurring with an Increased Amount of Coproporphyrin I m the Feces 
of a Case of Familial Hemolytic Jaundice, ibid 14 110, 1935, HI The Isolation 
of Coproporphyrin I from the Feces of Untreated Cases of Pernicious Anemia, 
ibid 14 116, 1935, IV The Urinary Porphyrin m Lead Poisoning as Contrasted 
with That Excreted Normally and in Other Diseases, ibid 15 327, 1936, V 
Porphyrins of the Feces, ibid 16 383, 1937 

5 Watson, C J, and Clarke, W O The Occurrence of Pi otoporphyrin m 
the Reticulocytes, Proc Soc Exper Biol S. Med 36 65, 1937 

6 Waldenstrom, J Studien uber Porphyrine, Acta med Scandinav , 1937, 
supp 82 
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the diagnostic criteria, the familial occuuence and much of the symp- 
tomatology of acute porphyria The first ti\o papeis of the present 
series of studies " have furthei introduced the basic chemical natuie 
of the porphyrins and liaAe presented evidence that poiphyria may be 
a peisistence of fetal pyirole metabolism Foi these leasons it is not 
considered necessaiy in this papei to go deeply into eithei the clinical 
or the chemical aspects that have been dealt with in the liteiature 

The piesent lepoit of a case concerns what is commonly called 
acute idiopathic porphyria Fischei and Libowitzky ® have lecently 
leported the first case of acute toxic poiphyiia with excietion of uropoi- 
poiphyrin I, but the piesent case is the fiist one m which this poiphyiin 
has been found in the idiopathic type of the disease Evidence is pie- 
sented that the metabolic disturbance is not limited to the peiiod of acute 
symptoms The persistence of this metabolic eiroi between attacks 
and its familial occuuence suggest that acute idiopathic poiphyria may 
be as much an iiiboin error of pyriole metabolism as is congenital 
porphyiia 

REPORT OF A CASE 

Mrs E D , aged 29, a graduate nurse employed in a pediatric hospital, was 
admitted to the hospital on June 25, 1935 

Complaint — The patient complained of unbearable pains in the head, abdomen, 
back and extremities, which had been felt for three days 

Histoiy of the Piesent Illness — The exact date of onset of the illness vas 
uncertain In 1931 pains in the right lower quadrant of the abdomen led to 
appendectomy Since 1932 she had suffered from increasing constipation and 
insomnia Examination of the blood in 1931 revealed an erythrocyte count of 
4,510,000, the hemoglobin value being 90 per cent (Sahh) In 1932, for some 
reason, a blood count was made, and it showed an erythrocjte count of 4,700,000, 
with a hemoglobin value of 70 per cent (Sahh) One month later the hemo- 
globin value (Sahh) was 65 per cent The patient was given iron and was 
irradiated with a quartz mercury vapor arc lamp In two months the hemoglobin 
value rose to 78 per cent (Sahh), and a dark tan developed About this time she 
was told that she was jaundiced, but she paid no attention to it 

On June 16, 1935, she was married The honeymoon was uneientful About 
June 18 she used a douche of saponated solution of cresol No other drug, medica- 
tion or alcohol was used at this time The evening before her marriage she took 
an enema of tap w'ater This produced the last defecation until June 30, fifteen 
days later On June 21 she began having headache, with nausea and retching 
This persisted and became more severe, with vomiting and abdominal cramps 

7 (a) Turner, W J Studies on Porphvna I Obsenation on the Fox 

Squirrel, Sciurus Niger, J Biol Chem 118 519, 1937 (&) Turner, W J, and 

Obermav'er, M E Studies on Porphjria II A Case of Porphyria Accompanied 
with Epidemiol} sis Bullosa, Hv pertrichosis and Melanosis, Arch Dermat & Sjph 
37 549 (April) 1938 

8 Fischer, H, and LibovMtzk'y, H L Auftreten von Uro-bzw ICopro- 
porphvrin I bei klinischer Porph 3 ne, Ztschr f phvsiol Chem 241 220, 1936 
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Pams spread to the extremities, and aftci a “fainting spell” on June 25 she was 
brought to the hospital 

Past Histoiy — Except for urticaria when a child the patient had always been 
healthy, active and sociable For several winters she had suffered from recurrent 
sinusitis, for which she had used acetphenetidin in small amounts The last dose 
of this was taken in December 1934 No other drugs had been taken, and no 
history of contact with lead could be elicited In 1930 her blood pressure was 
recorded as 110 systolic and 80 diastolic The genito-unnary history reiealed no 
abnormality except moderate dysmenorrhea She had never noted the color of her 
urine 

Family Histoiy — The data for the patient’s family are given in the accompam- 
ing diagram 

There is no history of consanguinity in the antecedents of the patient No 
member of the family was known to have had a cutaneous eruption The patient’s 
mother died of carcinoma of the breast 

Specimens of urine from all the living members of the family (twenty-eight) 
were examined Onlv m the urine of the patient and that of her eldest sister 
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was uroporphyrin found There was no opportunity for direct examination of thl^ 
sister, so it is not known whether or not she had porphyrmopathic symptoms 

Physical Examination — The temperature w'as 994 F, the pulse rate 104, the 
respiratory rate 24 and the blood pressure 160 systolic and 90 diastolic 

The patient appeared critically ill She was admitted to the gynecologic service 
Although the abdomen was soft, tubal abortion was suspected The patient was 
prepared for examination under anesthesia During the preparation she had two 
epileptiform convulsions lasting several minutes each, followed by coma of from 
five to ten minutes With the patient under ethylene anesthesia no pelvic mass 
could be found, and operation was deferred 

When the patient was returned to her room the blood pressure was 180 systolic 
and 100 diastolic At this time a more complete physical examination was made 
It was noted that the complexion was strikingly dirty gray-yellow, with cyanosis 
of the lips Between convulsions the patient was too restless for satisfactory 
examination, but it was seen that the pupils were small, round and equal and reacted 
well to light She was able to see, but she failed to recognize old friends During 
convulsions the pupils dilated equally and did not react to light The fundi 
revealed pallor, but it could not be ascertained whether there was vascular con- 
striction 

The lungs were clear and resonant 
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The radial pulse was equal on the two sides, of bounding t\pe and of high 
tension The rh\thm w'as regular There were no murmurs o\er the heart, and 
the heart was not enlarged 

The abdomen w'as soft There Avere no palpable masses 

The convulsions were typicallj’’ epileptiform, wuth simultaneous loss of con- 
sciousness and generalized tonic spasms, opisthotonos, cessation of respiration 
and mydriasis There was, howcAcr, neither defecation nor urination From the 
appearance of tlie patient, w'ho seemed more markedly excited just before loss of 
consciousness, it was thought probable that there w'as an aura The duration 
of the attacks was from one to 6ve minutes As the tonic spasm passed the patient 
relaxed into coma without having a phase of clonic movements The coma per- 
sisted for from a few minutes to half an hour In the period of w'akefulness she 
rolled and tossed in bed, oblivious to the presence of others unless she was touched 
or addressed She w'ould answer questions, but onlv after a delay and then often 
irrelevantly 

She complained bitterly of pains in the abdomen, head, back and extremities 
and seemed not to find relief in any position Phenobarbital, scopolamine hj^dro- 
bromide and morphine were ineffectual 

Couise ill the Hospital — On the night of entrj" the patient voided a small 
amount of urine, reported as being red-browm, with a trace of albumin and a few- 
hyaline casts but no red blood cells The leukocyte count was 12,200 During 
a convulsion lumbar puncture w^as performed, revealing clear fluid under no 
increase of pressure, with no cells and no increased content of protein Lumbar 
puncture two days later also gave normal results 

June 26 The temperature reached 101 F by rectum The pulse rate w^as 

persistently about 120, with a blood pressure of 178 systolic and 110 diastolic 

There w'as another convulsion during the night 

June 27 The dusky green cyanosis w'as more impressne than before The 

patient slept most of the time but could be aroused without much difficulty She 

answered questions sloAvly and incompletely Tow'ard noon she began to grow' 
restless and to roll around in bed At 1 55 p m she had a convulsion beginning 
in the left arm and quickh spreading to the right This lasted about tw'o minutes 
and Avas folloAA’ed by sleep A fcAV moments later there Avas a similar attack The 
rest of the day conA'ulsions recurred about everj' ninety minutes, beginning m the 
left thumb, ascending the arm and then crossing to the right sternocleidomastoid 
muscle In some attacks the muscles of the left thigh shoAA'ed clonic contrac- 
tions The patient seemed semistuporous for the first part of each attack but soon 
became comatose About 6 15 p m she became restless and cried out After 
0 09 Gm of phenobarbital AAas given she became quiet, and the convulsions ceased 

On this daA the urine AAas dark red-broAAUi, of such a striking hue as to suggest 
the presence of melanin Suspicion of porphA ria A\'as aroused, but spectroscopic 
examination of the urine shoAved onh a diffuse absorption in the blue-violet region 

June 28 The patient looked much better and Avas able to take liquids The 
temperature remained betAAcen 100 and 1018 F, and the pulse rate betAAcen 120 
and 130 The blood pressure fluctuated betAA'cen 180 sAstolic and 112 diastolic and 
158 SAstoIic and 112 diastolic The morning urine AAas light AelloAA but became 
darker on exposure to light 

Tune 30 The patient A\as rational and coherent, but her speech aais slurred 
and sIoAV There A\as rapid nAstagmus on looking to the right or left or upAvard 
and there A\as complaint of blurring of Aision The fundi AAerc normal Weakness 
of the left side of the fare and definite ataxia and dAsdiadokokinesis of the left 
hand w ere noted 



766 


ARCHIVES OF INTERNAL MEDICINE 


The daily urinary output, which had been between 250 and 850 cc, suddenly 
increased to 1,870 cc, and the evening blood pressure fell to 146 systolic and 100 
diastolic The temperature remained between 100 and 102 F, with a persistently 
fast pulse rate The leukocyte count was 11,500, and the erythrocytes numbered 

5.160.000 per cubic millimeter 

July 2 Severe pain continued She was given 10 cc of a 10 per cent solution 
of calcium gluconate intravenously, with immediate and striking relief This 
was of short duration but could be obtained on each repeated injection The 
following day she went to sleep during an injection given for pain and restlessness 
July 15 The patient complained that pains were present in the right arm At 
this time the diagnosis of porphyria was verified by spectroscopic demonstration 
of porphyrins in the fresh, light yellow morning urine After standing the urine 
turned dark, and the porphyrin spectrum was obscured 

July 24 The patient awoke with paralysis of the right ulnar and radial nerves 
After this she improved rapidly The paralysis cleared quickly 

August 13 The patient left the hospital on the forty -ninth day after entry' 
Laboiatoiy Examinations — The Wasseririann and Kahn tests ■were carried 
out on the blood and spinal fluid and gave negative i eactions 

The leukocyte count remained elevated at least until July 20, with a peak of 
18,800 on June 29 The differential counts usually showed about 86 per cent 
neutrophils, 10 per cent lymphocytes, 3 per cent monocytes and 1 per cent eosino- 
phils On June 26 the hemoglobin value was 92 per cent (Sahli) and the erythro- 
cyte count 5,010,000 The nonprotem nitrogen content was 33 mg , and the dextrose 
content was 155 mg per hundred cubic centimeters On June 29 the nonprotem 
nitrogen content was 19 mg and the dextrose content 102 mg On July 8 the 
dextrose content was 71 mg, the average normal value for the method The 
calcium content was 9 9 mg per hundred cubic centimeters A special hematologic 
report on July 10 showed hemoglobin, 85 per cent (Newcomer) , erythrocytes, 

4.800.000 per cubic millimeter, leukocytes, 10,250, platelets, 340,000, neutrophils, 
69 per cent, lymphocytes, 23 per cent, monocytes, 7 per cent, and eosinophils, 
1 per cent On July 27 the reticulocyte value was 0 8 per cent, and the smear 
was normal The following day the reticulocytes numbered 1 per cent The 
fragility test gave a normal result The coagulation time was two and one-half 
minutes , the patient did not bleed 

Roentgenograms, made on June 25, showed marked gaseous distention of both 
large and small intestine There was no evidence of a stone in the urinary tract 
Complete roentgenologic examination of the spine, long bones and bones of the 
hands and wrists showed no abnormality 

Stools were examined twice The first specimens were brown scybala which 
gave a negative reaction to the benzidine test The second specimens were similar 
but were covered with a slight deposit of mucus 

Later Course— Improvement continued, and the patient returned to work The 
blood pressure returned to normal and remained there The skin lost its dirty 
green cyanotic appearance, but small hard nodules developed deep in the epidermis, 
with no subjective symptoms They did not break down but often became infected, 
clearing up in about a week without scarring New ones have continued to appear 
at intervals up to the present They are apparently intracutaneous cysts 

As the cyanosis disappeared it became evident that the patient had a yellowish 
pallor, but no test for bihrubinemia was made until December 5 At this time 
the bilirubin value was 2 mg per hundred cubic centimeters, with an indirect 
van den Bergh reaction Meanwhile it had been learned that the patient was 
excreting in the urine a substance giving a strong positive reaction to aldehyde 
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(Ehrlich) This will be considered later On Jan 3, 1936, a galactose test was 
made simultaneously with a bilirubin tolerance test The former showed only a 
trace of reducing substance excreted in the first hour For the latter, 46 mg of 
bilirubin was injected intravenously Before the injection the bilirubin value was 
1 3 mg per hundred cubic centimeters It was 2 3 mg after thirty minutes, 
2 27 mg after one hour, 2 06 mg after three hours and 1 64 mg after five hours 
Normally this method shows total removal of excess bilirubin in four hours ^ 
From Nov 24 to 26, 1935, generalized edema developed The eyelids became 
swollen, and the patient had difficulty m putting on her shoes With the onset 
of the catamenia on November 26, the knees also became greatly swollen She 
had shooting pains in the face and arms The flow stopped on November 30, and 
the symptoms abated 

On December 4 physical examination revealed the following The skin was 
definitely jaundiced Intracutaneous nodules were present on the nape of the neck, 
forehead and cheeks The areolae of the nipples were large and dark brown 
There was no hj'pertrichosis The blood pressure was 116 systolic and 70 diastolic 
Neurologically there was found only weakness of the hands 

On December 16 the blood was again examined The hemoglobin value, as 
determined by the Van Slyke oxygen-combining method, was 14 96 Gm per hundred 
cubic centimeters For the same sample of venous blood the erythrocyte count 
was 4,800,000 The volume of packed red blood cells, determined by the Wintrobe 
method,!® was 46 5 cc per hundred cubic centimeters, corrected The mean cor- 
puscular volume was 97 cubic microns, the mean corpuscular hemoglobin value, 
31 micromicrograms, and the mean corpuscular hemoglobin concentration, 31 per 
cent The mean corpuscular hemoglobin value was at the upper limit of normal , 
that for the mean corpuscular volume was definitely above normal Examination 
of the blood smears revealed nothing abnormal The leukocyte count was 7,200, 
with 45 per cent neutrophils, 50 per cent lymphocytes, 3 per cent monocytes and 
2 per cent eosinophils Fluorescent erythrocytes were not found in fresh unfixed, 
unstained smears The apparatus used has been previously described 

The blood serum contained no methemoglobin Attempts to demonstrate 
porphyrin in serum by direct spectroscopic examination or by the Fischer acetic 
acid-ether method!® failed Hematin could not be detected spectroscopically b\ 
means of the cyanhemochromogen method in a 4 cm depth of serum 

The patient was given a diet high in carbohydrate, without obvious effect In 
the last few weeks of February 1936 she complained of pain in the interscapular 
region, particularly on the right side By that time the jaundice had disappeared 
On May 21, 1936, she again began to have abdominal pain and felt tired, and she 
reentered the hospital on Ma}-- 28 In this attack, which was milder than the first. 


9 Harrop, G A, Jr, and Barron, E S G The Excretion of IntravenousI}’’ 
Injected Bilirubin as a Test of Liver Function, J Clin Investigation 9 577, 1931 

10 Wintrobe, LI M The Size and Hemoglobin Content of the Ervthrocvte, 
J Lab 6L Clin Med 17 899, 1932 

11 Wintrobe, LI LI Anemia Classification and Ireatment on the Basis of 
Differences in the Average Volume and Hemoglobin Content of the Red Cor- 
puscles, Arch Int Lied 54 256 (Aug ) 1934 

12 Keller, J , and Seggel, K A Ueber das Vorkommen fiuorescierender 
Erythroc} ten, Folia haeniat 52 241, 1934 Watson and Clarke® 

13 Fischer, H , and Schneller, K Zur Kenntnis der naturlichen Porphvrme 
VI Verbreitiing des Porphjnns in Organen, Ztschr f phvsiol Chem 135 253, 
1924 
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she became stuporous and complained chiefly of pain Three weeks after the 
onset she suddenly had one convulsion, which was mild Two days later she 
suddenly improved, and within a few days she was able to leave the hospital 

Since then she has been well, with a feeling of onlj moderate tiredness while 
at work There is no more jaundice The urine continues to contain the sub- 
stance giving a positive reaction to aldehyde (Ehrlich) and still has an excessive 
amount of porphyrins The uroporphyrin band at 6,140 angstroms is persistently 
visible in the fresh urine 

Chemical Studies — During the first acute attack the studies of the urine \\ere 
limited, and the stools were not examined A small amount of ether-soluble 
porphyrin could be found in the urine The urine was usually light }'ello\\, but 
on oxidation it became dark red and the porphjrm spectrum was obscured The 
chromogen failed to yield the pigment when treatment with nitrous acid preceded 
oxidation m light and air This is in sharp contrast to the urorosem chromogen 

In the interval between the first and the second attack, repeated studies of the 
urine and feces w^ere made 

The first examination of stool w'as carried out bj Dr Konrad Dobnner, who 
reported such striking paucity of coproporphyrm that its demonstration depended 
on the use of fluorescence I later corroborated this finding and also found large 
amounts of copromesobiliviohn m the feces 

Since there has been some suspicion that the dark color of the urine in cases 
of acute porphyria may be due to urorosem or some similar skatole or indole 
derivative,’^® a liter of fresh yellow urine was once acidified with sulfuric acid 
and subjected to steam distillation The distillate showed a w'eak violet with 
Ehrlich’s aldehyde reagent It w'as ob\ious that this could not account for the 
intense pigmentation of the urine 

It was learned early that the patient’s urine gave a strongly positive reaction 
to aldehyde (Ehrlich), the red solution showung the following absorption spectrum 
I, 572 to 560 (maximum, 565) millimicrons, II, 510 to 488 millimicrons These 
and subsequent measurements w^ere made wuth a Zeiss model C hand spectroscope 
On standing the solution became more brownish, the second band becoming 
stronger With hydrochloric acid alone the urine turned red-brown, without the 
appearance of the band at 565 millimicrons In contrast to this the urine of a 
patient with advanced cirrhosis of the liver gave a reaction with tlie following 
absorption spectrum I, 560 to 550 (maximum, 555) millimicrons, II, 510 to 488 
millimicrons It seemed likely therefore that at least part of the former reactor 
was not urobilinogen This was further corrborated by its insolubility in purified 
petroleum (petroleum ether) in which urobilinogen is easily solub’e Walden- 
strom has noted much the same phenomenon Further, Watson has recenth 

14 Herter, C A The Relation of Nitrifying Bacteria to the Urorosem Reac- 
tion of Nencki and Sieber, J Biol Chem 4 238, 1908, On Indolacetic Acid as 
the Chromogen of the “Urorosem” of the Urine, ibid 4 253, 1908 

15 Gutstem, M Fall von Nephroroseinurie, Ztschr f klin Med 43 324, 
1917 Maasse, C Auftreten von Skatolfarbstoff im Harn bei Hamatoporphvne, 
ibid 99 270, 1924 W aldenstrom ® 

16 Watson, C J Ihe Average Daily Elimination of Urobilinogen in Health 
and m Disease, with Especial Reference to Pernicious Anemia, Arch Int Med 
47 698 (May) 1931 

17 Waldenstrom 2c e 

18 Watson, C J Studies of Urobilinogen II Urobilinogen in the Urine 
and Feces of Subjects Without Evidence of Disease of the Liver or Biliary Tract, 
Arch Int Med 59 196 (Feb) 1937 
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reported that in some instances urobihnogen-containing urine of patients ith hepatic 
disease gave much the same results 

Toward the end of November 1935, 14 liters of urine was collected, acidified with 
acetic acid and allow^ed to stand open to the air beneath the hood for the de\ elopnient 
of color and the precipitation of porpln-rins This urine was filtered, and the 
filtrate w'as saved for later study 

The precipitate was found to consist largely of dark browm pigment, which 
obscured much of the porphyrin spectrum w'hen in solution in ammonium h} droxide 
This surprising phenomenon has not previously been reported The pigments were 
insoluble in acetic or dilute hydrochloric acid but went readily into solution with 
dilute ammonium hy^droxide Reprecipitation by addition of acetic acid did not 
separate the porphymins and the brown pigment There W'as a trace of ether- 
soluble porphyrin, wdiich was not further purified Precipitation by Garrod’s method 
with calcium hydroxide brought down most of the pigment, but covering wuth sulfuric 
acid-methyl alcohol and centrifugation caused the porphyrin to come out, leaving 
the brown pigment behind 

The porphyrin was esterified in the acid alcohol, taken into chloroform and 
purified in the usual w'ay After several recrystallizations in chloroform the 
maxima for the absorption spectrum, measured in a spectrophotometer, w'ere 
I, 626, II, 578, III, 538, IV, 502 millimicrons The crystals w^ere sent to Prof 
Hans Fischer, and his colleague Dr Libow’itzky reported 

“The 6 mg of porphyrin ester show^ed fine bent recrystalhzed needles The 
melting point was from 275 to 278 C , after sintering at 261 C The mother liquor 
clearly contained coproporphynn The entire amount was heated with 1 per cent 
hydrochloric acid to 190 C in a closed vessel for three hours, whereby the ester 
was saponified and decarboxylated The resulting coproporphynn was esterified after 
purification by the ether-hydrochloric acid method, and the ester crystallized The 
crystals obtained sufficed for determination of the melting point at 241 to 242 C 
Therefore, copro- I ester, or originally uro- I ester, was present, w’hich is sur- 
prising in view' of the clinical history According to Waldenstrom, uroporphvrin 
III, w'hich is typical of acute porphyria, was to have been expected ” 

The first filtrate of urine mentioned was then subjected to chromatographic 
analysis according to the method of Waldenstrom, the purest aluminum oxide 
pow'der being used, w'lth a 1,000 cc cylindric separatory funnel holding the column 
of powder The substances obtained by' elutions w'lth 20 per cent acetic acid, glacial 
acetic acid, distilled w'ater and 12 per cent ammonium hydroxide w'ere separately 
collected The first of these w'as not further studied Elution w'lth glacial acetic 
acid yielded, in addition to a large amount of dark brown pigment (urofuscin), a 
quantity of metal-porphyrin complex with the follow'ing absorption spectrum in 
glacial acetic acid I, 565 to 550 (maximum, 557) millimicrons, II, 548 to 525 
(maximum, 538) millimicrons Elution with distilled w’ater also brought down 
some metal complex 

Elution with ammonium hydroxide yielded a dark red solution rich in porphyrins 
It was evaporated to about one-fifth its original volume, acetic acid was added and 
repeated extraction with ether was carried out There was very little ether-soluble 
porplnrin, and this was not further purified The aqueous phase was then adsorbed 
on a column of talc, which had been recommended by Waldenstrom -c as being 
superior to aluminum oxide for final purification of porphvnns by chromatographic 
analvsis 


19 The spectrophotometer manufactured bv Bausch & Lomb Optical Cornpanv 
Rochester, N Y, was used 
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The pigment remained limited to the upper half of the column, rendering it 
a pure red The brown pigment with which it had been associated passed through, 
being completely removed by elution with glacial acetic acid Some metal complex 
was also found in the glacial acetic acid 

The solution obtained from the talc by elution with ammonium hydroxide 
was a bright cherry red and showed the following spectrum I, 570 millimicrons, 
shadow to 565 to 555 (maximum, 560) millimicrons , II, 540 to 525 (maximum, 
530) millimicrons (order of intensity of bands I, II) After addition of acetic 
acid the following spectrum was obtained I, 575 to 565 (maximum, 570) milli- 
microns, II, 540 to 530 (maximum, 535) millimicrons (order of intensity, I, II) 
With 25 per cent hydrochloric acid the following spectrum was obtained I, very 
weak, about 585 millimicrons, II, fine and weak, 552 millimicrons (order of 
intensity II, I) After extraction from 25 per cent hydrochloric acid with am 3 d 
alcohol, the following absorption was noted in the alcohol I, 565 millimicrons, 
II, about 535 to 525 millimicrons (order of intensity I, II) This pigment was 
removed from amyl alcohol by tenth-normal potassium bicarbonate, in which the 
absorption was I, 565 millimicrons, II, 535 to 530 millimicrons 

The addition of acid led to the precipitation of the pigment, which was filtered 
off, taken into 5 per cent ammonium hydroxide and repi ecipitated This time 
an astonishing fact was noted The greater part of the pigment, a metal complex, 
remained m solution at 3 4 This was sent to Dr C J Watson for study 
The precipitate was insoluble in pyridine, but on addition of water it formed a 
bright red solution with the following absorption I, 595 to 575 (maximum, 580) 
millimicrons, II, 550 to 530 (maximum, 538) millimicrons Within a few minutes 
this had changed, band I moving to a maximum at 592 millimicrons, band II 
disappearing and a new band coming in at 630 millimicrons With this, another 
appeared at about 500 to 490 millimicrons On addition of a few drops of dilute 
ammonium hydroxide the absorption was I, very fine, 605 millimicrons, II, 585 
to 575 millimicrons, followed by diffuse absorption in the green and extinction 
at about 500 millimicrons On addition of acetic acid the absorption changed to 
I, 630 millimicrons, II, asymmetrical, 605 to 590 (maximum, 600) millimicrons 
(order of intensity II, I) After twenty-four hours a precipitate formed and 
was filtered off A test portion of this precipitate dissolved in pyridine showed 
the following absorption I, about 610 millimicrons, II, very intense, asym- 
metrical, 580 to 560 (maximum, 565) millimicrons. III, intense, 535 to 525 
(maximum, 530) millimicrons, IV, 505 to 480 (maximum, 490) millimicrons 

The remainder of the precipitate was covered with 2 per cent sulfuric acid- 
methyl alcohol and set aside to esterif}’- The violet solution was filtered off, 
leaving a red residue on the filter paper The violet solution was added to a 
small volume of chloroform, w^ater was then added and the chloroform solution 
of the pigment was washed with dilute sodium bicarbonate and evaporated to 
dryness in vacuo Redissolved in chloroform it showed the following absorption 
I, 625, II, 570, III, 535, IV, 500 millimicrons (spectrophotometnc maxima) 
These are identical with those of uroporphyrin 20 The previously mentioned 
insoluble red residue was dissolved in chloroform and washed according to the 
method described It then had the following spectrum in chloroform I, 585 
millimicrons, shadow to 570 to 555 (maximum, 562) millimicrons , II, 535 to 518 
(maximum, 530) millimicrons (order of intensity I, II) 

20 Maurer, H Tierische Farbstoffe und synthetische Porphyrine, in Abder- 
halden, E Biochemisches Handlexikon, Berlin, Urban & Schwarzenberg, 1933, 
\ol 7, pp 605-766 
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The evidence thus far pointed to the occurrence of uroporphj'nn I, together 
with a larger amount of metal-porphyrm complexes of the t 3 ’^pe of turacin The 
metal or metals in these complexes were not identified With this was excreted 
one or more chromogens, giving rise to the red-biown of the urine One of the^e 
chromogens gave a positne reaction to aldehA'-de (Ehrlich) Little coproporphj'rin 
could be found either in urine or in feces The porplnrins did not accumulate 
in the blood stream but w'ere easih' excreted There was evidence of hepatic 
damage, apparently involving more of the excretori' function than of the metabolic 
There w'as evidence of slight macroc 3 tic er 3 ^thropoiesis 

It w'as thought desirable to repeat this study during the patient’s second attack 
wherefore 4 liters of urine w'as collected for study This time it was found 
that uroporphyrin I (melting point, 292 C , uncorrected) was excreted in con- 
siderably greater amount than w'cre metal complexes After the publication 
of Waldenstrom’s monograph ^ the uroporphyrin from the mother liquors of the 
uroporph 3 'rin I crystallizations was reexamined It was then found that a con- 
siderable amount of uroporphyrin could be separated which had a noticeable 
solubility in absolute meth 3 d alcohol Comparison of tivo solutions of uroporphyrin, 
the one containing pure uroporphyrin I from Hans Fischer and the other from 
the mother liquors previously mentioned, revealed a marked difference in the solu- 
bilit 3 of the porphyrins on addition of methyl alcohol That of the pure uropor- 
phyrin I W’as negligible, the other left a bright red solution Evaporation of 
this solution to small volume and cooling to — 10 F gave a small yield of fine 
C 3 ’stals arranged in burrs The yield was too small for a determination of the 
melting point, but the spectrum in chloroform w’as that of uroporphyrin 

Further studies of urofusem w'ere made and agreed in essence with the former 

COMiMENT 

It IS evident that the acute attacks fiom ■which the patient sufteied 
weie exacerbations of a chronic condition A review of the hteiatuie 
reveals this to be almost im'^aiiably so In this connection Walden- 
strom’s ^ monograph is most instructive One of his patients has had 
porphyiia foi moie than a quaiter of a centuiy 3Vithout expeiiencing 
an acute attack 

Aside from the familial occuiience in Sweden, wdnch Walden- 
strom’s data indicated to be transmitted as a dominant mendehan 
characteristic, nine families, including that of the present patient, have 
been know n to ha3 e more than one membei with porphyria 

21 Fischer, H , and Hilger, J Zur Kenntms der naturlichen Porph 3 ’rme 
VIII Ueber das Vorkommen ion Uropoiph 3 ’rm (als Kupfersalz, Turacin) in den 
Turalaisvogeln und den Nachweis ion Koproporpln rin in der Hefe, Ztschr f 
physiol Chem 138 49, 1924 

22 This part of the work was assisted by a grant from the Committee on 
Scientific Research of the American Medical Association 

23 \an Berckel, G J J Porph 3 reen en Porph 3 rinen Geneesk bl u klin 
en lab i d prakt 25 1, 1926 Larjanko, J Klimsche-pathologische Untersuch- 
ungen fiber die Porph 3 ria idiopathica abdominalis, Acta Soc med fenn duodecim 
21*1, 1935 I^Iason, V R Personal communication to the author Micheli, F 


(Fooitolc coi ill ted 07 rcjrt f'aac} 
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Accoiding to Waldenstiom,® the ciiteiion foi the diagnosis of 
porphyria is the demonstiation of uioporphynn in the uiine In con- 
genital poiphyria, with deimal manifestations, uioporphynn I is the 
mam type excreted, with a small amount of uiopoiphyrin III ® In acute 
porphyria type III preponderates In addition there is excreted in 
cases of acute porphyria a substance which gives a positive reaction 
to aldehyde (Ehrlich) Waldenstiom® distinguished this from uro- 
fuscinogen, which gives a brownish pigment, stating that the aldehyde 
leactor yields a red substance on oxidation Fuither, he identified this 
chromogen with a substance which gives a positive diazo leaction (Ehi- 
lich) There appears to be still another characteiistic of acute porphyria 
— the excretion of metal complexes Waldenstrom mentioned it as 
occuiiing in the eluate of pigment from aluminum oxide by distilled 
watei It occurred m the present case It has been noted in the 
porphyria of the fox squirrel'” Whethei it might be an aitefact due 
to contamination by metals and subsequent complex formation must 
lemain an open question at present 

The significance of ui oporph)'rin is unknown To me it seems 
plausible that uroporphyrins are formed in the bone marrow from pyi- 
romethenes brought from the hvei by the blood stream -■* It is possible 
that the coproporphyrins arise by decarboxylation of the uroporphyrins, 
for Dobi inei and his associates ^ have shown that coproporphynii excre- 
tion may be taken as an index of bone marrow activity It is also 
possible that protoporphyrin is a pioduct of still further decai boxylation 
of uioporphynn 

Therapeutically theie is lelatively little that can be done foi the 
patient with porphyi la Liver therapy is of little or no avail Indeed, 
Dobriner has shown that although excietion of porphyrin in acute 
and congenital porphyi la may be diminished by livei therapy, the excie- 

and Dominici, G Ueber zwei Falle von familiarer Porphyne mit letalem Ausgang, 
Deutsches Arch f khn Med 171 154, 1931 Barker, L F , and Estes, W L 
Family Hematoporphynnuna and Its Association with Chronic Gastro-Intestinal 
Dilatation, Peculiar Fits and Acute Polyneuritis, JAMA 59 718 (Aug 31) 
1912 Ehrenberg, L Zur Kasuistik der mit Landryscher Lahmung emhergeh- 
enden Porphyrinuria, Khn Wchnschr 2 1508 (Aug 6) 1923 Scholberg, H A 
An Undescribed Purple Pigment in the Urine, Tr Path Soc London 53 279, 
1902 Maugeri, S Porfinnuria familiare e porfina idiopatica, Riforma med 
52 919, 1936 

24 Borst, M, and Komgsdorffer, H Untersuchungen uber Porphyne mit 
besonderer Berucksichtigung der Porphyria congenita, Leipzig, S Hirzel, 1929 
Dobriner and Rhoads 

25 Waldenstrom ® Turner and Obermaj^er 

26 Dobriner, K Discussion at the Pediatric Session of the Southern Medical 
Society, Baltimore, Nov 17, 1936, after presentation of two patients with porph 3 ’’ria 
b}”^ Dr Harriet AI Guild A report of these cases has not 3 'et been published 
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tion of uroporphjnn is not stopped Duimg the acute attack calcium 
therapy is effective for the relief of pam,-^ but whethei it affects the 
ultimate outcome of an attack is uncertain 

SUMMARY 

A patient with acute idiopathic poiphyria with symptoms of lead 
poisoning excreted large amounts of a red-brown pigment complex 
called urofuscm With this theie were excreted also a small amount 
of uroporphyrin I and piobably uioporphyiin III, together with con- 
siderable amounts of an unidentified metal complex In the inteival 
between attacks there was a largei amount of metal complex excieted 
than of poiphyiin, during an attack this relation was reversed 

The h)Tpertension noted during an attack disappeared as the symp- 
toms abated 

During the inteival between s\mptoms theie uere peisistent excie- 
tion of urofuscm and evidence of hepatic disease 

The evidence points to the conclusion that acute idiopathic porph5^na 
IS actually a chronic metabolic disturbance The familial occurrence 
of the condition substantiates the thesis that acute idiopathic porphyria 
IS an inherited inborn error of metabolism 

Chemical studies of the blood and urine aie leported which suggest 
the presence of hepatic damage, with bilirubmemia but little urobilmo- 
genuria The strong positne leaction of the urine to aldehyde (Ehi- 
lich) was shown to be due to a chromogen, probably not urobilinogen 
It is suggested that uroporphyrins are formed in the bone marrow 
as the primary porphyrin complex, from which the copropoiphyiins and 
protoporphyrin arise by decarboxylation 

CONCLUSIONS 

Acute idiopathic poiphyria may be associated with excretion of 
uroporphyrin I in excess of uroporphyrin III 

Excretion of metal-poiphynn complexes appears to be chaiacteiistic 
of acute idiopathic porph}nt-ia 

Most of the color of the uiine in acute idiopathic poiphyria is 
usually due to the presence of pigments which have been called 
urofuscm 

Acute idiopathic poiphyria is a familial disease, probably inherited 
as a dominant mendelian characteristic 

The acute manifestations are alleviated by intravenous calcium 
therapy 

27 Hoergurber, W , and Fink, H Ueber Porphj^nne bei klinischer Porphyne, 
Ztschr f physiol Chem 236 136, 1935 Waldenstrom Fischer and Libowitzky s 
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OBSERVATIONS ON THE EFFECTS OF REPEATED INJECTIONS OF 
HISTAMINE AND ON TRANSIENT ACHLORHYDRIA 

LEON SCHIFF, MD 

With the Technical Assistance or Catherine Dorrmann 
AND Toba Tahl, a B 

CINCINNATI 

The following leport is based on studies cai,ried out on a tiained 
subject for four and a half j^eais The subject was originally selected 
to serve as the source of gastric juice for patients with pernicious 
anemia Because of the fact that he was receiving repeated injections of • 
histamine, we decided to study his gastiic secretion At hist attention 
was paid only to the volume and the acidity, later, determinations of 
pepsin and chloiide were included 

F F, aged 49 years, a foreman of a railroad gang, entered the Cincinnati 
General Hospital, m February 1931, with paralysis of the extremities following 
ingestion of adulterated Jamaica ginger » His past history was unimportant except 
for chronic alcoholism He had been surprisingly free from digestive disturbances 
The general physical examination revealed only evidence of peripheral neuritis 
and of some involvement of the pyramidal tracts The blood count, urinalysis and 
stool analysis gave normal results The Wassermann reaction of the blood was 
negative Roentgenograms of the gastrointestinal tract were normal The basal 
metabolic rate was — 16 per cent 

Soon after admission to the hospital the patient regained the full use of his 
upper extremities His lower extremities, however, remained permanently damaged, 
so that he was unable to walk, but he was able to get about readily in a wheel- 
chair He was intelligent and cooperative He was weighed twice weekly, and his 
blood was examined once a month 

REPEATED INJECTIONS OF HISTAMINE 

Method Used — ^At 9 a m , after a twelve hour fast, a Rehfuss tube was 
swallowed, and the gastric contents were removed and examined One-half 
milligram of histamine phosphate was given subcutaneously, and the injection 
was repeated one-half hour later Continuous aspiration with a SO cc sj'nnge 
was practiced by the patient for two and one-half hours The total quantities 

Read before the American Society for Clinical Investigation, May 4, 1936, 
Atlantic City, N J 

From the Department of Internal Medicine, University of Cincinnati, and 
the Medical Service, Cincinnati General Hospital 

This study was made possible by a grant from Parke, Davis & Co and 
through the W T Wagner & Sons Fund for the Study of Gastritis and Related 
Conditions 
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obtained during half-hour periods were examined separately ^ An emesis basin 
was always at hand to receive any saliva that might be secreted during the aspira- 
tion, but fortunately the quantity was insignificant Frequent control observations 
were made under fasting conditions for two and one-half houi periods without 
the injection of histamine There was generally secreted about 250 to 350 cc 
of gastric juice under such conditions, in contrast with an average of 350 to 500 
cc after an injection of histamine Attention was always paid to the presence of 
bile and mucus Fortunately bile was rarely present, and the quantity of mucus 
was generally negligible The juice obtained was thin, clear and colorless The 
titratable acidity was determined by the standard method, Topfer’s reagent and 
phenolphthalein being used as indicators and titration being carried out with 
tenth-normal sodium hydroxide The chloride content was estimated by the method 
of Van Slj^ke and Sendroy The pepsin content was measured by the Mett’s tube 
method 

Results — Up to Ma}'’ 1, 1936, the patient had had 433 aspiiations, 
carried out as outlined, and had leceived 799 injections of 0 5 mg of 
histamine - He still experienced the same effects noticed after the 
initial injections There was a general tingling sensation accompanied 
with a feeling of warmth, which started about two minutes after the 
injection and lasted about four to six minutes This was accompanied 
with a slight thiobbmg in the head and followed by slight tiansient 
headache There was general flushing of the skin, and exceptionally an 
urticarial wheal developed at the site of injection There was a slight 
increase in pulse rate, with no change m the arterial blood pressure 

The patient apparently incurred no harm from the injections By 
May 1936 he was 30 pounds (13 6 Kg ) heavier than he was on admis- 
sion to the hospital Monthly blood counts remained within noimal 
limits Repeated determinations of the chloride content of the blood gave 
normal results Repeated roentgenogiaphic examinations of the gastro- 
intestinal tract revealed normal rugae and no change in motor function 
Five gastroscopic examinations were made 4 by Di Samuel Iglauer 
with the rigid tube and 1 by Dr Rudolph Schindler with the flexible 
gastroscope The findings weie not noteworthy except foi those of 
mild superficial gastiitis 

TRANSIENT ACHLORHYDRIA 

A Imtml Phase (Absolute Achlorhydria) — In the first few months 
of study the average total volumes obtained during two and a half hour 
periods following the injection of histamine ranged between 170 cc 
(December 1931, 8 determinations) and 250 cc (March 1932, 8 

1 On some occasions either 1 or 2 injections of histamine were given, and 
the gastric juice was collected during ten minute periods 

2 Behveen January 1935 and January 1936, 104 injections were given without 
subsequent aspirations 
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•deteiminations) Later these inci eased to between 435 cc (Deceinbei 
1932, 17 determinations) and 568 cc (Decembei 1933, 10 deteimina- 
tions) In Febiuaiy 1934 the aveiage volume aftei the injection of 
histamine had decreased to 332 cc (5 determinations) , m April 1934 the 
average volume was 365 cc (6 determinations) The lange of acidity 
during a coiiesponding period is given in chart 1 

Aspiiations were not perfoimed between May 1 and July 23, 1934, 
during this period no histamine was given, as studies wei e being made of 
the patient’s duodenal contents By July 24 theie had developed a 
histamine-refractory achlorhydria associated with a disappearance of 
pepsin and a deciease m volume of gastric juice to 123 cc Achloihydna 
was also piesent on July 28 (volume, 131 cc), August 15 (volume, 
110 cc ) and Septembei 14 (volume, 178 cc ), as shown in chart 2 



Chart 1 — Curves showing the acldlt^ after the injection of histamine (patient 
F F) 


None of the usual causes of achloihydna, such as infection, dietaiy 
deficiency, mental or emotional stiain or a bout of alcoholism, could 
be held accountable 

As the patient had leceived a total of 379 injections of histamine, 
the question aiose as to whethei oi not the achloihydna was an exhaus- 
tion eftect pioduced by histamine On October 12, aftei an injection of 
histamine, the gastric juice showed a leturn of free acidity (maximum, 
14) and on Novembei 9 a maximum acidity of 15 Fiom Januaiy to 
June 1935, inclusive, the patient was given 221 injections of histamine 
in the face of which theie was a gradual use in the gastiic acidity, 
which leached normal limits in July (chart 3) Fiom July 1935 to 
January 1936, inclusive, a total of 167 injections were given, the acidity 
remaining normal The gradual inciease in acidity and the peisistence 
of normal values in spite of repeated injections of histamine (total, 
388) would exclude an exhaustion effect 
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B Second Phase (Relative Achloihydita ) — In connection with a 
study of the influence of the endociine glands on gastiic secretion, 
the patient uas given subcutaneousl)'- a total of 60,000 lat units of 
estiogenic substance^ betueen Dec 16 and 21, 1935, and an additional 
120,000 units between Jan 1 and 12, 1936, inclusive, in doses of 10,000 
units daily, leceivmg in all a total of 180,000 units During this peiiod 
gastiic analyses weie made almost dailj'- both with and without the injec- 
tion of histamine On Januaiy 31 the volume of gastiic juice after an 
injection of histamine uas 425 cc , and the acidity was noimal On 
February 3 achlorh 3 'dria uas encounteied in all but the second half- 


1 JULY 24, 1934 | 

AUGUST 15 1934 

SEPTEMBER 14, 1934 | 

too 
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Chart 2 — Curves showing the acidit}' after the injection of histamine (first 
phase of achlorhydria, patient F F ) 


hour specimen, which showed a free acidity of only 7 (chait 4) The 
total volume of juice secieted duiing the two and one-half hour period 
was 375 cc, showing little deciease in contrast with the fiist phase of 
achlorhydria, in which the volume fell decidedly and in which, of 
course, the achlorhydria was absolute Theie was no lecognizable 
increase in the mucus content of the juice On Febiuary 4 and 5 
fiee hydrochloric acid was again present only in the second half-houi 
period aftei the injection of histamine, with values of 3 and 12, 
lespectively Daily aspiration conducted without the use of histamine 
between February 6 and 16 and between Febiuaiy 25 and ]\Iaich 2, 


3 The preparation used was theelin 
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inclusive, levealed achloihydiia in all specimens, with an aveiage total 
volume of 292 cc On Februaiy 17 and 24 the second half-houi speci- 
men after an injection of histamine contained a fiee acidity of 19 and 16, 
respectively, the lemaming specimens containing no free acid On 
March 5 the specimen obtained dm mg fasting contained a tiace of 



Chart 3 — Curves showing the average acidity after the administration of 
histamine 


JAN 30 1936 JAN 31 1936 FEB 3 1936 FEB 6 1936 

WITHOUT HISTAMINE. WITH HISTAMINE WITH HISTAMINE WITHOUT HISTAMINE 



Cliart 4 — Curves showing the change from normal secretion to relative 
achlorhydria 

flee hydrochloric acid, and the fourth half-houi specimen, obtained with- 
out the use of histamine, showed a free acidity of 3 On March 11, after 
an injection of histamine, free acid was present m all but the fifth 
half-hour specimen, with a maximum value of 22 From then until 
May 1, 15 aspiiations done without the injection of histamine showed 
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achlorhydria m 3 and fiee acid in almost all fi actions in the lemaming 
12 specimens, while those done after the injection of histamine showed 
the presence of free hydrochloric acid in at least 4 specimens on 5 of 6 
occasions There was thus a giadual inciease in the secretion of h 3 '-dio- 
chloric acid (chart 5) ^ 

The relative achlorhydiia was accompanied with an almost complete 
disappearance of pepsin Again, none of the recognized causes of 
achlorhydria could be discovered The estrogenic substance was sus- 
pected, and accordingly injections of it were given to thiee (male) 
patients, v ith no appreciable effect on gastric acidity ^ 

During each period of depressed secretion of acid the patient com- 
plained of epigastric distiess immediatel}^ aftei meals, accompanied 


MAR 5,1936 MAR 10,1936 MAR.11,1936 APR.6I936 APR.15,1936 

WITHOUT HISTAMINE WITHOUT HISTAMINE WITH HISTAMINE WITH HISTAMINE WITHOUT HISTAMINE 



With consideiable belching In addition, theie developed diarrhea, with 
an average of four to five loose, wateiy movements per day Fatigabiht} 
and lack of ambition were prominent The administration of 30 diops of 
hydrochloric acid in a glass of watei AMth meals was followed by paitial 
relief 

Interestingl}^ gastroscopic examination levealed no gross change in 
the appearance of the gastiic mucosa with the onset of achlorhydria 
Mild superficial gastritis was encountered, a finding ivhich had been 
noted four times previously 

During tlie second achlorhydric phase it was decided to determine 
whether or not the so-called intrinsic antianemic factor was still present, 
as it had been previously found to be Accordingly Castle’s original 

4 Normal values were eventually reached 

5 Injections of estrogenic substance were given our subject in Alay 1937 
without effect 
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expeiiment was lepeated, and two (contiolled) patients with pernicious 
anemia weie given 200 Gm of beef muscle incubated with 250 cc of 
gastiic juice daily for ten days The juice was obtained without 
histamine and was devoid of free hydiochlonc acid It was kept on ice 
until ready for use In both instances theie developed reticulocytosis, 
followed by an mciease m the hemoglobin and red blood cell values 
and accompanied with maiked clinical impiovement, proving that the 
antianemic substance had not disappeaied 

SUMMARY AND CONCLUSIONS 

Repeated (799) subcutaneous injections of histamine phosphate in 
0 5 mg doses were given to a patient ovei a pei lod of four and one-half 
years, with no appaient harm and without ovei fatigue of the mechanism 
of hydrochloric acid secretion 

The human stomach may tempoiarily lose its ability or may exhibit a 
marked deciease in its ability to seciete free hydrochloric acid for no 
definitely known reason and with no change m the mucous membiane 
detectable on gastioscopic examination 

Absence of pepsin may be associated with the tempoiaiy dis- 
appearance of fiee hydrochloric acid 

The so-called intrinsic antianemic substance may still be piesent 
duiing a period of (lelative) achloihydiia 



CALCIFIC AORTIC STENOSIS 

A CLINICAL AND ELECTROCARDIOGRAPHIC STUDY 
L H BERK, MD 

AND 

M DINNERSTEIN, MD 

NEW YORK 

PATHOLOGIC PICTURE 

After Monckebeig’s first description of the pathologic pictuie of 
calcific aoitic stenosis, in 1904, this lesion for years was repoited only 
rarel}^ and was lecognized onl}^ at postmortem examination In lecent 
leais, however, clinical and i oentgenologic studies have allowed its 
lecogmtion during life without difficult}'^ 

Various authors (Monckeberg, Ribbeit, Mai gobs, Ziellessen and 
Baines, Giese, Martens and otheis) have investigated the undeil 3 mg 
pathologic condition, and their findings will be reviewed heie as the}' 
aie necessary for a bettei understanding of the clinical and loentgeno- 
giaphic aspects 

The involvement affects the aortic img, piimarily at the loots of 
the valves In the first stage of the disease only the outei layei at the 
site of the sinus of Valsalva is affected Calcification then extends 
into the leaflets oi into one of the commissuies, bulges into the sinuses 
of the valves oi forms radiating or circular buckles within the valves 
themselves Deposits of lime salt may fill up the sinuses completely 
From theie the condition may progiess into the ventricles, producing 
spurhke formations under the endocardium Such formations ustialh 
extend fiom the posterior aortic valve as fai as the large leaflet of the 
mitral valve An extension from these valves to the pars membianacea 
septi or to the muscular portions of the septum is less frequent Calcifi- 
cation of the aoitic valves may occur m combination with calcification 
of the annulus fibrosus or may be entirely isolated The valves them- 
selves are thickened, have an irregulai surface and are fused at the 
commissures The places of fusion may shrink considerably and in sch 
doing usually cause stenosis of the valves 

From the First Medical Division, Bellevue Hospital (Columbia University), 
Dr I O Woodruff, director, and the Department of Laboratories, Dr D. 
SAmmers, director 
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According to Libman, the presence and the amount of aitenoscle- 
rosis and calcification in the aorta depend on whether or not the lesions 
in the valves precede the involvement of the aorta by any considerable 
period If stenosis occurs befoie lesions of any consequence have devel- 
oped in the wall of the aoita, the latter may be thm and smooth 

ETIOLOGY 

The etiology of calcific aoitic stenosis is still unknown In only 
20 pel cent of the seventy-seven cases leported was there a definite 
history of rheumatic fever The solitary occurrence of the lesion, i e , 
the absence of involvement of the mitral valve, the lack of appreciable 
thickening or shortening of the chordae tendineae, the massive deposit 
of calcium, the predominant occurrence of the condition m older men 
and the nonpresence of recent or old Aschoff bodies m the myocardium 
— all speak against a rheumatic etiology As has been indicated, the 
early changes in Monckeberg’s sclerosis fail to disclose a primary inflam- 
matory basis, and there are no maiked arteriosclerotic changes else- 
where The coronary arteries may leveal some degiee of sclerosis m 
older persons, but the degree of disease of the coronaiy arteries is not 
greater than one would expect to encountei in a group of normal per- 
sons of the same age Furthermore, the occasional occurrence of calcific 
aortic stenosis among younger persons also speaks against an arterio- 
scleiotic basis 

In this discussion we are excluding those cases of calcification 
encountered in the couise of the so-called healed subacute bacteiial 
endocarditis described by Libman and the not infrequent examples of 
calcification obseived in long-standing rheumatic or syphilitic heart 
disease 

The degeneiative and infiltiative piocesses speak for an individual 
pi edisposition toward their foimation which may exist m certain pei- 
sons While the possibility that the lesion lepresents the healed stage 
of an inflammation still remains open, its exact etiology still remains 
problematic The most likely conclusion, based on our present findings, 
IS that the disease is primarily degeneiative m nature, its occurrence 
and extent depend on an individual predisposition toward collagen 
involution and lipoid and calcium deposition 

CLINICAL SIGNS 

In lecent American liteiature Christian (1931), in a postmortem 
study of twenty-one cases, first emphasized the clinical entity of calcific 
aortic stenosis, its predominant occurrence m middle-aged and elderly 
subjects and its slow course, resulting in i datively late cardiac failure 
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and occasionally in sudden death The impoitant classic diagnostic 
ph 3 ^sical signs aie a long loud lough systolic murmur transmitted to 
the A essels of the neck, the systolic thrill ovei the aortic ai ea, f i equently 
best felt with the patient in the knee-chest position, the absence oi 
diminution of the intensity of the aoitic second sound, especially in the 
vessels of the neck, and considerable cardiac hypertrophy The soft 
blowing diastolic muimur of aoitic insufficiency is frequently, though 
not invaiiably, heard Usually a softer systolic murmur is heard ovei 
the initial area and is probably due to a lelative mitral insufficiency 
A faint waiy or lumbhng diastolic muimur is also occasionally heard 
at the apex (Austin Flint muimur) In cases in which theie is no 
associated inaiked aoitic insufficiency oi hypei tension the pulse is chai- 
actei isticall} small and anacrotic oi bisfeiious, and the pulse piessuie 
IS 1101 mal 01 diminished Occasionally the classic physical signs of 
aoitic stenosis may not be present, leaving only the physical signs 
of aoitic regurgitation obvious This pictuie is piesent in the particulai 
group of cases in which the diagnosis is fi equently overlooked 

The presence of aortic i egurgitation in the absence of any signs of 
mitral stenosis, when syphilitic heait disease can be excluded, should 
suggest the possibility of calcific disease of the aortic valves In cases 
in which the initial insult to the valves is slight, only indistinctive 
clinical manifestations aie produced, and heart failure consequent to 
the developing stenosis and subsequent death occur late These meagei 
clinical manifestations, without cardiac symptoms until late m the dis- 
ease, and the constant presence of aortic regurgitation are strongly 
suggestive of calcific aortic valvulitis 

FLUOROSCOPY AND AIMED ROENTGENOGRAPHY 

The number of calcifications of the cardiac valves recognized roent- 
,genographically in vivo has increased consideiably m the last foui 
years 

Simmonds (1908) fiist made a roentgenogiaphic study of calcifi- 
cations of the heart in five cases at necropsy Klason (1921) first 
diagnosed calcified annulus fibrosus in vivo, Fleischner (1925) and 
Saul (1932) reported similar cases Chiistian (1931) first emphasized 
the potentialities of the roentgenogiaphic demonstration of cardiac cal- 
cifications m VIVO, and his collaborator, Sosman, first reported such a 
case Sosman and AVosika (1933) were able to report twenty cases of 
calcific aortic stenosis and nineteen cases of calcification of the mitral 
valve observed roentgenographically before death 

Fuithei observations of roentgenographically diagnosed intracardiac 
calcifications were published by Parade and Kuehlman (1933), who 
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saw five patients, one with calcific aortic stenosis Sparks and Evans 
(1935) reported one case of calcification of the aortic valves, Bishop 
and Roesler (1934), three cases, all with autopsies, Blackford (1936), 
one case, Cooley (1936), one case, Willius (1935), sixteen cases of 
calcific aoitic stenosis, and Kommerell (1936), ten cases in which there 
were four calcified aortic valves 

The propel use of roentgenoscop}'^ and aimed roentgenogi aphy was 
the contributing factor in making the lecognition of calcified aortic 
stenosis possible when clinical symptoms were rathei indefinite With 
aimed roentgenography the calcified depositions aie localized fluoro- 
scopically in the best view obtainable and with a special device, the 
serialograph, immediately loentgenographed, with an exposuie of 0 05 
second (75 kilovolts and 100 milliampeies) 

The calcified valves show up under fluoioscopy as small dense 
shadows, rapidly moving oi dancing up and down They cannot be 
projected outside the cardiac shadow and aie not affected by deep 
inspiration They move more rapidly than the pulsating left caidiac 
border They are seen in the median line oi a little to the right of it 
in the lowest third of the cardiac aiea They are best obseived at the 
right oblique angle, as the movement is most marked m this view 
The observer’s eyes must be well adapted, and the smallest diaphragm 
must be used m ordei to obtain shaip visualization of the fine details 
Experienced observeis are often able to localize these calcifications 
Mitral calcifications are situated nioie medially and show maiked lapid 
pulsatory motion, whereas the aoitic deposits of calcium show less 
extensive and moie dancing movement The calcifications of the annulus 
fibrosus have ring forms and move i datively little 

Little difficulty is expeiienced in differentiating the calcified valves 
from other calcifications Occasionally they may be confused with 
calcified thrombi Calcified coronal y aiteiies are recognized only in 
exceptional cases 

Myocardial calcifications are raie Smaller pericardial calcifications 
may, if the patient is turned, be piojected on the caidiac margin and 
thus easily differentiated from endocaidial calcifications Hilai calcifi- 
cations can easily be excluded 

REPORT OF CASES 

We present here fourteen cases of calcific aortic stenosis The 
patients were observed at Bellevue Hospital during the last seven )'-ears, 
with nine autopsies Five of the patients (cases 1 to 4 and 14) are still 
living and under observation It is only for the lattei group, in the last 
few years, that we have applied sj stematicall)'’ the roentgenogi aphic 
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procedure, with correspondingly gratifying lesults Except in these five 
cases, the correct diagnosis was not made until after death (table) 

Four of the nine patients studied at autopsy had the physical find- 
ings of aortic insufficiency and suffered cardiac pain These same foui 
displayed the typical electrocardiographic changes of myocardial damage 
associated with disease of the coronary aiteries Yet all the necropsies 
revealed calcific aortic stenosis, with patent coronary arteries showing 
minimal sclerosis All the patients who have not yet come to autopsy 
have revealed the physical findings of aortic insufficiency and have 
suffered cardiac pain Foui of these five patients have shown electro- 
cardiogi aphic evidence of myocardial damage Roentgenographic exami- 
nation has revealed calcific depositions in the aortic valves of all five 
patients Syphilis and bacteiial endocarditis weie not present m any 
of the foui teen cases 

From the evidence just piesented, it may be seen that when the 
physical signs of aoitic insufficiency aie accompanied with the electro- 
cai diogi aphic findings of myocardial damage and when syphilitic dis- 
ease and acute and subacute bacterial endocarditis are absent, a diagnosis 
of calcific aortic stenosis is indicated Roentgenographic examination 
will confirm oi contiadict this impression 

Case 1 — M , a man aged 43, had had recurrent cardiac pam radiating down 
the left arm and shortness of breath on exertion for ten years He had been 
admitted to the hospital three times because of cardiac pain and addiction to 
phenobarbital There was no history of rheumatism He complained of precordial 
pam caused by effort or excitement There was no history of congestive failure 

Ph 3 ’-sical examination revealed a fairly well developed man The pupils were 
equal and reacted to light and in accommodation There was no congestion of the 
veins of the neck The lungs were resonant throughout Examination of the heart 
showed that the point of maximal impulse was in the sixth intercostal space 
11 5 cm from the midsternal line A faint systolic thrill was noted over the 
aortic area The second aortic sound was absent over the aortic area and the 
carotid vessels The first apical sound was loud and accentuated, with a soft short 
diastolic murmur over the left sternal border Ihe blood pressure was 124 
systolic and 65 diastolic There was a Corrigan pulse , no capillary pulse was 
noted The liver and spleen were not palpable No pretibial edema was present 
The Wassermann reaction was negative The basal metabolic rate was — 3 per 
cent The urine was normal 

An electrocardiogram taken on April 10, 1935, showed normal sinus rhythm, 
with a rate of 80 per minute The PR interval was 0 16 second and the QRS 
interval 0 8 second There was no deviation of the electrical axis 

The electrocardiogram showed that QRSi was split and of low amplitude The 
T wave was of the inverted seagull type in lead I and was inverted in all leads 
The form of the T wave and its low amplitude suggested myocardial damage At 
present the patient shows practically the same electrocardiographic picture as when 
admitted to the hospital The initial and final ventricular complexes are char- 
acteristic of mj^ocardial changes associated with recent closure of the coronary 
vessels 
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Necropsy Observations 


Comment 


Arteriosclerotic 
heart disease 


+ — 


Arteriosclerotic 
heart disease 


Arteriosclerotic 
heart disease 


Arteriosclerotic 
heart disease 


Artenoselerotie 
heart disease 


Chronic aortic calcific valvulitis, 
aortic cusps fused, thickened, 
stiffened and distorted by cal 
careous deposits 


Coronary arteries entirely 
free from sclerosis, diag 
nosis acute coronary 
thrombosis with left pleural 
effusion 


Artenoselerotie 
heart disease 


Arteriosclerotic 
heart disease 


Aortic valves totally calcified, 
calcification covered by intima for 
most part, but eroded m some 
areas, displaying thrombi of recent 
origin, calcification extended on 
aortic surface along commissures 

Calcified aortic valvulitis super 
imposed on congenital bicuspid 
aortic valve 


Coronary arteries patent 
throughout, showed 
minimal sclerosis 


Coronary arteries well 
preserved and patent 


Artenoselerotie 
heart disease 


Caleified aortic 
valvulitis 

Rheumptic heart 
disease, mitral 
stenosis, aortic 
stenosis 


Arteriosclerotic 
heart disease 

Arteriosclerotic 
heart disease 


Arteriosclerotic 
heart disease 


Arteriosclerotic 
heart disease, 
essential 
hypertension 


Aortic valves showed extensive 
deposits of calcareous granules 


Aortic cusps calcified 


Mitral valve thickened and cusps 
fused, aortic valves replaced bj 
calcareous deposits which nar 
rowed the onfices to 4 mm , 
soft vegetations superimposed 
on calcified areas 

Atherosclerosis with calcification 
of mitral and aortic valves 

Aortic valves thickened, calcare 
ous ring at base of valves 


Aortic cusps showed small sele 
rotic and calcified plaoues 


Orifices of coronary arteries 
shut off to large extent by 
atheromatous process 

Coronary arteries well 
preserved 

Coronary arteries patent 
throughout 


Carcinoma of esophagus 
with metastasis in liver 

Coronary arteries entirely 
free from sclerosis, fracture 
of neck of femur 

Coronary arteries sclerotic, 
lumens patent, abscess 
of lung 
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Roentgen examination revealed a normal pulmonary parenchyma (fig 1) The 
heart was slightly enlarged The aorta was well within normal limits Roent- 
genoscopy revealed rapidly pulsating calcifications of the aortic cusps 

The history of precordial pain radiating dowm the left arm, coming on after 
exertion and occasionally during rest, and dyspnea on effort, wuth electrocardio- 
graphic findings of a cove plane T wave in leads I to III for a young subject, 
strongl}’^ suggested myocardial infarction due to coronary closure, yet the roentgen 
evidence proved that this was a case of calcific aortic disease 

Case 2 — J S , a man aged 37, had had precordial pain since 1922, w'lth 
occasional pain dowm the left arm coming on after exertion and also while at rest 
and dyspnea on effort He slept on two pillows and ahva 3 's felt tired There 
was no rheumatic history An extragenital chancre developed in November 1936 
Physical examination revealed a fairly well nourished man The pupils were 
equal and reacted to light and m accommodation There was no congestion of the 
veins of the neck The heart was enlarged to the left The point of maximal 
impulse was m the sixth intercostal space 11 cm from the midsternal line A 



Fig 1 — Roentgenographic appearance in case 1 


systolic thrill was noted over the aortic aiea The aortic second sound w'as absent 
over the carotid and aortic areas A loud rough systolic murmur was noted over 
the aortic area and over the left sternal border There w'as a short apical systolic 
murmur, with a mid-diastolic murmur over the apex (Austin Flint murmur) 
There was a normal sinus rhythm The blood pressure was 102 systolic and 70 
diastolic The liver and spleen were not felt There w'as no pretibial edema 

The electrocardiogram showed a normal sinus rhythm There was no deviation 
of the electrical axis The T wave w'as upright in all leads 

Roentgen examination revealed mitral configuration of the heart, wuthin normal 
limits, and hypertrophy of the left ventricle The aorta was moderately elongated 
and widened, with characteristic dancing calcific depositions m the aortic cusps 
(fig 2) 

Case 3 — R FI , a man aged 76, had had S3TOptoms of cardiac pain on exertion 
since 1934 There were no attacks suggesting coronarv occlusion The patient’s 
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chief complaints were of dyspnea on exertion, dizziness and general weakness 
There was no history of paroxysmal nocturnal dyspnea or congestive failure 

Physical examination revealed a well pieserved asthenic man Aicus senilis 
and kyphosis of the dorsal portion of the spine were noted There was no con- 
gestion of the veins of the neck The chest was clear The heart was moderately 
enlarged The apex beat was in the fifth intercostal space 12 cm from the mid- 
sternal line There was no precordial tin ill An aortic second sound was faint 
over the aortic area A loud rough systolic murmur was heard over the aoitic 
area There was a normal sinus rhythm The blood pressure was 190 systolic 
and 100 diastolic The radial and carotid arteries were thickened and tortuous 
There was no pretibial edema 

An electrocardiogram showed a normal sinus rhythm There was left axis 
deviation The QRS interval -was 0 14 second and the PR interval 0 18 second The 



Fig 2 — Roentgenographic appearance in case 2 


QRS complex was notched and sluired in all leads Ti was inverted and opposite 
to the QRS deflection There was left bundle branch block 

Roentgen examination of the heart revealed an aortic and tiicuspid configura- 
tion, marked enlargement, moderate widening of the aorta, with dancing aortic 
calcifications, and pulmonary fibrosis (fig 3) 

Case 4 — J C , aged 60, a seaman, first noticed symptoms of heart disease in 
1925 On admission to the hospital he complained of dyspnea, palpitation and 
dizziness There was no history of edema of the ankles or precordial pain In 
1934 he contracted a heavy cold, with a hacking cough, and since then had had 
increased dyspnea and had found it necessary to sleep on two pillows During the 
past two years he had had three syncopal spells 

Physical examination revealed an emphysematous chest The heart was 
slightly enlarged The apex beat was noted m the fifth intercostal space 11 cm 
from the midsteinal line A systolic thrill was noted over the aortic area The 
blood pressure was 120 systolic and 80 diastolic There was a normal sinus rhythm, 
with occasional premature beats An aortic second sound was not heard over 
the aortic area or over the vessels of the neck There was a rough loud systolic 
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apical murmur, with a soft diastolic murmur over the aortic area There was 
marked sclerosis of the radial and carotid arteries 

An electrocardiogram revealed a normal sinus rhythm and left bundle branch 
block The PR interval was 0 18 second and the QRS complex 0 IS second There 



Fig 3 — Roentgenographic appearance in case 3 


was left axis deviation The QRS complex in all leads was notched and slurred 
The ST segment was concave in lead I T. and To were upright The T wave 
was opposite to the mam deflection in leads I and III 
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Roentgen examination demonstrated a hypertensive heart, with moderate enlarge- 
ment The aorta was moderately elongated and widened and of increased density 
and pulsation, with dense pulsating calcifications in the area of the aortic cusps 
Pleural calcifications were present (fig 4) There was marked calcification of 
the tibial arteries 

Case 14 — P , a man aged 68, was first seen in 1931 He had a history 
of epistaxis and shortness of breath for the past three months, which cleared up 
slowly with rest in bed and digitalis There was no history of cardiac pain The 
patient was readmitted to the hospital on Feb 2, 1935, with mild congestive failure 
and pretibial edema Since then he has had exertional dyspnea There was no 
history of rheumatic fever 

Physical examination revealed a well developed asthenic man The pupils 
reacted equally to light and in accommodation Examination of the fundus showed 
marked retinal sclerosis There was no congestion of the veins of the neck The 



Fig 4 — Roentgenographic appearance in case 4 


lungs were resonant throughout Examination of the heart showed that the point 
of maximal impulse was in the sixth intercostal space 12 cm from the midsternal 
line There was a systolic thrill over the aortic area An aortic second sound 
was faint but present over the vessels of the neck There was a harsh loud systolic 
murmur over the mitral area The sinus rhythm was normal The blood pressure 
was 170 systolic and 90 diastolic There was a small Corrigan pulse Marked 
sclerosis of the radial arteries was noted 

The Wassermann reaction was negative Uiinalysis showed faint traces of 
albumin, with occasional hyaline casts 

Electrocardiograms were taken in 1931 and on March 13, 1937, and revealed 
a normal sinus rhythm, left axis deviation and no evidence of myocardial damage 
Roentgen examination revealed a normal pulmonary parenchyma (fig 6), 
moderate hypertrophy of the heart, accentuation of the left ventricular curve and 
slight dilatation and tortuosity of the aorta Roentgenoscopy revealed a single 
sharply outlined density the size of a pea in the area of the aortic cusps, showing 
slow vertical oscillations independent of the respiratory excursions 



792 


ARCHIVES 


OF INTERNAL MEDICINE 


Explanation or Figure 5 

Fig 5 — A, case 1 Tracing made on April 10, 1935 Note the inversion ot 
T in all leads B, case 1, Dec 10, 1936 C, case 1, March 5, 1937 Note that T 
IS flat and markedly inverted in leads II and III D, case 4, April 2, 1934 Note 
the intraventricular block E, case 4, April 30 F, case 4, March 7, 1937 Note the 
left bundle branch block G, case 3, Oct 23, 1934 H, case 3, Feb 5, 1937 Note 
the left bundle branch block I, case S, Feb 13, 1935 Note the inverted Ti, the 
diphasic Ts and To and the convex RT segment J, case 5, May 20 Note 
the inverted Ti and Ts, the split QRSs and the diphasic Ts K, case 6, March 
27, 1933 Note the inverted Ti and Ts L, case 7, Oct 23, 1936 Note the intra- 
ventricular block, the diphasic Ti and Ts, the notched and slurred QRS and the 
deflections in all leads 
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ELECTROCARDIOGRAPHIC CHANGES 

The gieat majority of the changes in the electi ocai diogram pro- 
duced by calcific aortic valvulitis do not difter in any specific manner 
from some of those produced by myocardial disease due to coronary 
closuie or by hypertrophy of the left ventiicle Electrocardiographic 
changes of the type most frequently seen with calcific aortic valvulitis 
consist of a modification of both the initial and the final deflection of 
the ventricular complex The alterations which were noted are pre- 
sented in detail 

T Wave — In case 1 there was an inverted T^, cove plane in and 
T 3 , chaiacteristic of myocardial damage associated with disease of the 
coronary arteiies In this case the initial deflection (R summit) became 



Fig 6 — Roentgenographic appearance in case 14 


smaller In case 4, T, was diphasic and T 3 inveited, latei changing so 
as to be typical of left bundle branch block, with Ti inverted and T 3 
upright (fig 5) Theie were the same electi ocaidiographic findings 
as noted m case 3 Tj and T„ were mveited m cases 5 and 6 Marked 
inversion of T^ and Tg and a diphasic T 3 weie seen m cases 7 and 8 
An upright T wave was seen in cases 2 and 14 

QT Intel val — ^The QT interval has been used as a measuie of 
electi ical ventricular systole This interval was found prolonged in cases 
of left bundle branch block, as seen in cases 3, 4 and 7 

PR Interval — ^The P wave was normal m all cases except case 3, 
in which there was a prolongation of the PR interval to 0 2 second 
QRS Complex — The QRS complex was normal in all but thiee 
cases (3, 4 and 7), in which characteristic findings of left bundle 
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blanch block and mtiaventriculai block were found A depressed ST 
segment was found m case 7 

Aiihytlnma — A normal sinus rhythm was present m all cases 
except for the occurrence of a ventriculai extrasystole in cases 1 and 3 

Comment — The populai view, suppoited by man\ investigations, is 
that the electi ocardiogi apliic changes due to myocaidial damage aftei 
coionary thrombosis are of two types (a) inverted T^ and Tg (Qi, 
Ti type) and (&) inverted T, and Tg (Qs, To type) There is still 
anothei type of old coronary thrombosis m which the electrocardio- 
graphic changes aie not typical of these two types, and they may well 
be confused with the electrocardiographic changes of calcific aortic 
stenosis There is sufficient similarity so that the two types might be 
confused if the electrocardiographic findings alone were considered 
The fact that electrocai diographic changes persist over a long period 
without any change in the electrocardiogram is suggestive of then asso- 
ciation with calcific aoitic stenosis 

Left bundle branch block was seen in cases 3, 4 and 7 and was 
lather frequent (21 pei cent) in our small group With the possible 
exception of hypertensive heart disease, no other clinical entity pio- 
duces left bundle branch block in such a high percentage of cases The 
most likely explanation of left bundle bianch block pioduced by calcific 
aortic valvulitis is that it is due to the involvement of the conduction 
system by large calcific projections of the aortic valve 

Although electrocardiographic changes produced by calcific aoitic 
valvulitis are not characteristic of the classic type of acute coronary 
thiombosis, the findings are those usually considered to be charac- 
teristic of severe myocardial damage, with the inversion and coving of 
the T wave frequently seen with conditions causing hypeitiophy of the 
left ventricle and with coronary thrombosis 

COMMENT 

With the growing understanding of the clinical picture of calcific 
aortic valvulitis, it is increasingly evident that not infrequently the only 
clinical signs and manifestations are those of aortic i egurgitation, and 
therefore an erroneous diagnosis is often made 

Although the most common etiologic factor in uncomplicated aortic 
valvulitis IS syphilitic infection which produces a specific type of arterio- 
sclerosis of the aorta and analogous scarring and retraction of the aortic 
valves, with separation of the commissures, this specific lesion prac- 
tically never produces deposition of calcium in the valves such as is 
seen in calcific aortic stenosis 

In other words, pure aortic insufficiency, not due to syphilitic dis- 
ease or to acute or subacute bacterial invasion of the valve, may be 
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due to calcific aortic valvulitis This is especially tiue of the group of 
conditions which weie foimeily thought to be due to aiteiiosclerosis 
in which the signs of aoitic stenosis were indefinite 

Frequently, aoitic leguigitation is observed in middle aged oi elderh 
adults, with or without hypertension, vho show a negative Wasser- 
inann reaction, and is mcoiiectly diagnosed as sclerotic aoitic reguigi- 
tation A careful leview of neciopsy reports at Bellevue Hospital in 
cases of this type failed to confirm the clinical findings of arterioscle- 
lotic aoitic legurgitation In all these cases necropsy levealed calcific 
aoitic stenosis 

This new point of view thiows fuithei light on the eaily stage of 
the disease Seveial of oui patients have been followed for foui or five 
years, with few clinical symptoms Only m latei life aie there positive 
signs of aortic stenosis Caidiac pain, heart failuie and syncope occui 
late m the life cycle in this disease 

The electrocaidiogiaphic changes m many of our cases of calcific 
aortic stenosis are the same as those seen with myocardial damage asso- 
ciated with hypertrophy of the left ventiicle and disease ot the coronary 
arteries This may be explained on the basis of interference with the 
coronary blood flow due to the large calcific projections of the aortic 
valve into the sinus of Valsalva, because the orifices and the lumens of 
the coronary arteries aie well preserved and patent, as seen at necropsy 
in the majority of oui cases Anothei explanation is that the myocar- 
dium IS suffering from anoxemia due to the hydiodynamic changes 
resulting from jet formation 

Marvin, m a review of his cases, attempted to explain the sudden 
death and syncope seen with aortic stenosis as due to hypei activity of 
the carotid sinus leflex We have not found m our cases any abnoi- 
mahty of this leflex It would also be possible to explain syncope and 
caidiac death as due to moiphologic changes involving the cardiac 
muscle and its conduction S3'^stem 

The association of syncope and caidiac pain in these subjects is 
frequently mistaken for coionaiy thiombosis The coirect diagnosis 
of calcific aortic valvulitis is frequentlj'- made only at neciopsy, espe- 
cially if the physical signs of aortic stenosis are indefinite 

If it is home in mind that electrocaidiogiaphic tracings with these 
two conditions may be similar, the use of roentgenoscopy and aimed 
1 oentgenography may help to detect the calcific depositions and lead to a 
correct diagnosis 

SUjMMAR\ 

Fouiteen cases of calcific aortic stenosis aie reported, with clinical 
and electi ocardiographic findings and nine autopsj' examinations 
Roentgen diagnosis was made in the lemainmg five cases 
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Today careful clinical and i oentgenogi aphic examination make it 
possible to diagnose calcific aoitic stenosis in vivo as a routine pio- 
ceduie In our series a clinical diagnosis of arterioscleiotic aoitic 
1 egurgitation or myocardial infaicboii was invariably made 

In a certain gioup of cases of calcific aortic stenosis the only clinical 
manifestations are those of aoitic i egurgitation 

In some of oui cases electi ocardiographic changes were pieseiited 
which did not differ m any specific manner from those due to myo- 
cardial changes associated wuth disease of the coronary arteries The 
presence of cardiac pain and syncope in these cases may lead to the 
erioneous diagnosis of coionai}^ thiombosis 

We wish to emphasize, theiefore, that m cases of aortic leguigi- 
tation in which theie aie electi ocaidiographic findings of myocaidial 
damage and no evidence of syphilitic or rheumatic heait disease, a 
propel roentgenoscopic and i oentgenogi aphic examination may reveal 
chai actenstic depositions in the aoitic valves 
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An excellent review of the osseous foim of Gaucher’s disease may 
be found in the article by Ludwig Pick’^ We aie repoiting this case 
of Gaucher’s disease because of the extensive osseous changes and the 
unusual hematologic findings 

REPORT or CASE 

Sidney F , a Polish Jew, 26 years of age, was admitted for the last time 
to the Montefiore Hospital on Nov 28, 1934 His parents and four brothers 
and sisters were living and well 

History — In 1921 he was incapacitated by intermittent pain, swelling and at 
times redness, commencing in the knee joints and soon involving the hips, shoulders, 
elbows and ankles There was no fever The arthritic pains were believed to be 
rheumatic In 1922 a diagnostic puncture of the enlarged spleen showed the patient 
to be suffering from Gaucher’s disease During the next four years the articular 
pains recurred frequently and with increasing severity Progressive enlargement 
of the spleen and marked pallor were noted In 1926 severe nasal and oral hem- 
orrhages occurred There was marked enlargement of the abdomen and at times 
urinary incontinence In 1928, because of the hemorrhagic phenomena, consequent 
anemia and symptoms of pressure from the greatly enlarged spleen, this organ 
was removed After splenectomy the hemorrhages ceased, the anemia disappeared 
and the patient experienced relief from the articular pains and gained weight 
From 1928 to 1930 he was frequently hospitalized because of recurring pains in the 
joints In 1930 he was again hospitalized because of pain in the back At 
this time a gibbus was noted in the dorsal region In 1931 hepatic enlargement 
appeared In 1932 walking was difficult even with the aid of a back brace In 
1933 a fracture of the sternum, with regional swelling of the soft parts, was 
noted By 1934 the patient’s height had decreased from 60 to 40 inches (150 to 
100 cm ) For eight months he had been bedridden A blood-tinged expectoration, 
associated with a rise in temperature to 102 F, interpreted as due to broncho- 
pneumonia, had troubled him for three months At the time of his last admission 
to the hospital, weakness and skeletal pains were his chief symptoms 

Examination — Physical examination revealed a poorly nourished man The 
skin was yellowish brown, dry and inelastic Bilaterally a pinguecula was present 

From the medical service of Dr Leopold Lichtwitz, Montefiore Hospital 
1 Pick, L Ergebn d inn Med u Kinderh 29 519, 1926 
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at the inner canthus There was marked pallor of the conjunctival and oral 
mucous membranes Numerous small discrete nontender shotty glands, ranging 
from the size of a pea to that of a hazelnut, were felt in the cervical, axillary 
and inguinal regions 

The thoracic cage was considerably deformed Marked dorsal kyphosis 
extended from the sixth to the tenth dorsal vertebra Lordosis was present in the 
lumbar region The anteroposterior diameter of the chest was increased There 
was flaring of the lower ribs Tenderness to pressure was present from the 
sixth to the tenth dorsal vertebra There were dulness, rales, increased tactile 
fremitus and increased breath and voice sounds at the base of the right lung 

Examination of the heart revealed no abnormality The blood pressure was 
104 systolic and 76 diastolic A scar from a left rectus incision was present 
The liver was smooth and slightly tender and extended into the right iliac fossa 
The left lobe was felt beneath the left costal margin There was slight clubbing 
of the fingers Neurologic examination revealed no abnormality 

Laboiatojy Data — On December 14 a blood count showed hemoglobin, 48 pei 
cent (72 Gm ) , red blood cells, 2,900,000, nucleated cells (red and white), 23,000, 
white blood cells, 6,000, nucleated red blood cells, 17,000, platelets, 90,000, seg- 
mented polymorphonuclears, 20 per cent, staff cells, 20 per cent (only 50 white 
cells were counted) , lymphocytes, 40 per cent , monocytes, 20 per cent, and reticu- 
locytes, 6 per cent (half with and half without nuclei) The red blood cells 
showed marked amsocytosis and poikilocytosis Their size was slightly below 
normal Polychromasia and basophilic stippling were present Occasional Howell- 
Jolly bodies were seen (fig 1) The platelets were larger than normal and did 
not stain as dark as usual 

The bilirubin content of the blood was 0 3 mg per hundred cubic centimeters, 
and the icterus index, 4 

Blood fragility and resistance tests showed beginning hemolysis with 0 44 per 
cent solution of sodium chloride (with 0 44 per cent solution for a control sub- 
ject) and complete hemolysis with 028 per cent solution of sodium chloride (with 
032 per cent solution for a control subject) The results of the Hamburger test 
are shown in figure 2 There was a marked shift to the right, indicating an 
increased resistance of the red blood cells The bleeding time was two minutes , 
the coagulation time, one minute, and the clot retraction time, one hour The 
tourniquet test gave negative results 

From the foregoing data it was concluded that there was marked hypochromic 
microcytic anemia, characterized by dysfunction of the bone marrow rather than 
an increase in the destruction of blood There was a remarkable outpouring of 
immature red blood cells, as evidenced by the polychromasia, the basophilic stip- 
pling, the reticulocytes, the normoblasts and the increased resistance of the red 
blood cells Slight lymphocytosis and thrombopenia were noted but no corre- 
sponding purpuric changes 

Chemical analysis of the blood showed sugar, 80 mg , urea nitrogen, 11 3 mg , 
calcium, 10 4 mg , phosphorus, 2 9 mg , cholesterol, 138 mg , and cholesterol esters, 
101 mg, per hundred cubic centimeters The Wassermann reaction of the blood 
was negative 

According to the Congo red method, the cell volume was 28 per cent and the 
plasma volume 72 per cent The plasma volume was estimated at 35 cc per 
kilogram of body weight and the total blood volume at 50 cc per kilogram The 
Congo red test showed that 90 per cent of the dye remained in the blood stream 
after one hour There was no amyloidosis 



Fig 1 — Blood smear A indicates nucleated red blood cells , B, a red blood 
cell , C, a polymorphonuclear cell , D, a polymorphonuclear staff cell 
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Solution of Sodium Sulfate, % 

Fig 2 — Chart showing the fragility of the red blood cells in solutions of sodium 
sulfate The values along the ordinate indicate the percentage of hemolj^sis The 
values along the abscissa indicate the percentage of the solution of sodium sulfate 
The broken lines indicate the limits of the normal values The solid line indicates 
the patient’s cur\e, showing the increased resistance 
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Hepatic function tests showed no bile in the urine, a marKed increase of the 
urobilin content and a marked increase of the urobilinogen content (1 300 dilution 
[normal, 1 10 or 1 20]) The bromsulphalein excretion test showed that 50 
per cent of the dye remained in the blood stream after a half hour This was 
abnormal All these findings indicated hepatic dysfunction 

Urinalysis showed specific gravity, 1 013 to 1 028 , albumin, -f- to -[ — (-j 
sugar, 0 Microscopic examination revealed no abnormality 
The electrocardiogram showed left axis deviation 

The basal metabolic rate was +44 and +40 per cent, respectively, on two 
occasions, and the oxygen consumption was 317 and 325 liters, respectively 

Roentgen examination of the skeleton showed extensive changes There was 
marked destruction of the fifth dorsal vertebra The body of the seventh dorsal 
vertebra was collapsed to one third its normal size, it was somewhat elongated 
and extended slightly beyond the borders of the contiguous vertebral bodies The 
body of the ninth dorsal vertebra showed marked absorption The bodies of 
the eleventh dorsal and of the first lumbar vertebra were collapsed to about 
one-third their normal size The space between the twelfth dorsal and the first 
lumbar vertebra was obliterated Absorption and some narrowing of the body 
of the fourth lumbar vertebra was present (fig 3) 

The pelvis showed cystic changes in both innominate bones, especially in the 
region of the acetabulum and of the pubic bones Small areas of osteosclerosis 
were also present Hypertrophic arthritic changes were noted in the left sacro-iliac 
synchondrosis (fig 4) 

The femurs showed marked involvement The head of the left femur was 
irregular in outline and flattened and showed areas of bone sclerosis as well as 
cystic areas The shaft was broadened and showed marked cystic areas The 
distal end was bottle shaped and showed areas of absorption The right femur 
was similarly involved 

The left tibia showed areas of osseous absorption m the proximal and middle 
thirds Slight bowing of the shaft of the left fibula was present Areas of osseous 
absorption were noted in the middle third of the right tibia 

The right humerus showed areas of absorption m the head and neck and bone 
sclerosis in the upper third of the shaft 

Absorption of bone was noted in the lower end of the left radius 
All the ribs showed marked calcium absorption 

A pathologic fracture of the first dorsal vertebra was noted on Jan 15, 1935 
The skull was normal 

Cowse — During his stay in the hospital the patient complained of skeletal 
pains and marked weakness A productive cough and pitting edema of the ankles 
were present On April 16 the temperature rose to 104 F and remained slightly 
elevated the next day On April 18 he was confused, and he had spells of vomiting 
and expectorated blood-tinged sputum Stiffness of the neck, stupor and a tem- 
perature of 96 F were present on April 20, the day of death 

The hematologic data obtained during the patient’s stay in the hospital are 
charted in the accompanying table As can be seen, the anemia became pro- 
gressively worse, the number of normoblasts fell considerabb^ the red blood cells 
changed from microcytes to macrocytes and abnormal white blood cells appeared 

Postmortem Examviation — The autopsy was performed b}’' Dr Henry Unger 
Only the essential data are presented here 

The diagnosis was as follows Gaucher’s disease (osseous type), with involve- 
ment of the liver, lymph nodes, spinal column, pelvis, left femur, right humerus 
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and left radius, status postsplenectomy , heterotopic bone-marrow formation in the 
liver, bronchopneumonia, and bronchiolitis obliterans 

The liver weighed 4,100 Gm and extended into the right iliac fossa The 
capsule was smooth and translucent The cut surface showed the parenchyma 
to be almost completely replaced by irregular confluent waxy-colored areas inter- 
spaced with yellow areas In some places the lobular structure was still evident 
The periportal regions were widened and pale yellow A reddish area, the size 
of a walnut and well demarcated from the parenchyma, was present in the right 
lobe Microscopically the periportal spaces showed an increase in connective tissue, 
in which numerous Gaucher cells were embedded In places the nests of Gaucher 
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cells compressed the hepatic cells The circumscribed area in the right lobe 
proved to be heterotopic bone marrow and contained cells of the myelopoietic and 
erythropoietic series 

The l 5 Tnph nodes (mediastinal, tracheobronchial, iliac, inguinal and mesenteric) 
were soft and somewhat enlarged The cut surfaces were bright yellow Micro- 
scopic examination showed that only a few of the follicles were preserved The 
sinuses were widened and contained numerous large mononucleated and multi- 
nucleated Gaucher cells and some lymphocytes The reticulum was filled with 
large clusters of Gaucher cells The reaction for iron pigment was strongly 
positive. 

The osseous system showed marked involvement A sharp gibbus was noted 
m the upper dorsal region and a forward bulge of the sternum in the region of 
the manubrium sterni 
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There was marked destruction of the vertebrae from the fifth dorsal to the 
first lumbar vertebra (fig S) The cut surface of the upper thoracic vertebrae 
was pinkish and contained small yellowish foci , the lower thoracic and lumbar 
vertebrae were filled with very friable granular yellowish red tissue The cancel- 
lous tissue was readily removed, leaving only a thin cortical shell Some of the 
intervertebral disks were completely separated from their contiguous vertebrae For 
the most part, the disks were preserved, however, some of them w'ere flattened 
and showed an absence or herniation of the nucleus pulposus On the posterior 
aspect, between the third and the fourth lumbar \ertebra, the disk was flat, and 



Fig 5 — Roentgenographic appearance of the anatomic specimens A, vertebral 
column , B, left femur , C, right humerus , D, right radius , E, sternum , F, rib 

the nucleus pulposus had expanded and herniated into the third lumbar vertebra 
The disks between the twelfth dorsal and the first lumbar vertebra and between the 
first and the second lumbar vertebra were partially resorbed, the remaining portions 
herniating into the contiguous vertebrae, which were eburnated 

The fourth, sixth and seventh dorsal and the second and third lumbar vertebrae 
were examined histologically The cortex of the fourth dorsal vertebra was, for 
the most part, intact The medullary cavity showed marked resorption of the 
horizontal trabeculae, considerable fibrosis and round cell accumulations The 
fibrous ring of the intervertebral disk was invaded by numerous blood vessels 
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The sixth and seventh dorsal vertebrae, in addition to the changes previouslj^ 
enumerated, showed numerous Gaucher cells m the medullary cavity The second 
and third lumbar vertebrae showed marked rarefaction of the trabeculae of the 
cortex and medulla Large necrotic areas were present in the cortex and in 
the medulla The intervertebral disk was highly vascularized The nucleus 
pulposus showed partial fibrosis and was invaded by numerous mononucleai 
elements 

The cortex of the manubrium stcrni was thinned out, and a fracture was 
present in the midregion (fig 5) The cancellous bone was broken down, and 
the pinkish marrow was soft The cortex of the body of the sternum showed 
irregular thickening 

The costochondral junction of the fifth rib was sharply demarcated The 
medulla was narrow Near the cartilage there was some softening 

The head of the right humerus contained a soft red area the size of a cherry 
The rest of the head was sclerotic, and there was a marked increase of the bony 
trabeculae The lumen of the proximal diaphysis was narrowed, and in places the 
cortex and medulla were fused The medullary cavity of the shaft contained 
yellow and red-mottled friable material The humeroscapular and elbow joints 
appeared normal (fig S) 

The medullary cavity of the left radius was narrowed, and the density of the 
cancellous bone was increased At the level of the tuberosity there was an area 
of bright yellow friable tissue the size of an almond surrounded by a thin red zone 
The head of the left femur was markedly flattened The lower proximal portion 
of the articular surface was completely destroyed, and the cartilage was absent 
Beneath the area of the most marked depression of the head of the femur was 
an area of softening, the size of a navy bean, filled with soft, elastic translucent 
grayish pink tissue In the medial region of the head several nodules of friable 
yellowish tissue completely replaced the normal structure The upper third of the 
shaft was widened, and the medullary cavity in the proximal half was filled with 
well delineated brownish red and yellow tissue In the distal half, small dark red 
cystic areas surrounded by bright yellow zones were present (fig 5) 

The heart showed fatty infiltrations of the wall of the right ventricle 
The lungs showed patches of bronchopneumonia and areas of bronchiolitis 
obliterans 


COMMENT 

Because of the long-standing presence of normoblasts noted when 
the patient was in the other institutions, we assumed the following to 
be the course of events The patient had the typical pathologic changes 
seen in Gaucher’s disease Splenectomy was performed in February 
1928 because of the hemorrhagic manifestations One and a half months 
after splenectomy the anemia disappeared No early records of the 
hematologic findings were available On Jan 30, 1930, two years after 
splenectomy, an almost normal hemoglobin value was noted, togethei 
with the presence for the first time of normoblasts (fig 6) From then 
on, for almost five and a half years, normoblasts weie constantly present 
in the peripheral blood stream At first their number was small, but 
they suddenly appeared in great numbers on Dec 20, 1933 (200 per 
hundred white blood cells) As soon as this occurred, anemia reappeared 
and became progi essively worse Six months before death the number 
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of normoblasts began to dimmish An interesting feature was the 
appearance of macrocytosis at the end of the patient’s life, in April 1935 

The platelets remained normal until the last six months of life, when 
thrombopenia appeared Of interest is the fact that the patient had 
purpura before splenectomy was performed, with a normal platelet 
count, and that when thrombopenia developed there were no purpuric 
manifestations, again showing that the number of platelets is not the 
only factor concerned m purpura 

The white blood cell count did not show any marked changes At 
first there was the typical tendency toward leukopenia and lymphocytosis 



Fig 6 — Chart showing the relation of hemoglobin to normoblasts The values 
along the left ordinate indicate the hemoglobin values, and the values along the 
right ordinate, the number of normoblasts per hundred white blood cells The 
broken line indicates the curve for hemoglobin and the solid line the curve for 
normoblasts 

Leukocytosis was present postoperatively and during the course of 
various infectious episodes The leukocytosis persisted but was due to 
the large number of nucleated red blood cells The true white cell 
count remained low (there was almost leukopenia) Toward the end 
of life (1935) myelocytes and myeloblasts appeared 

Study of the course of events, then, shows that after splenectomy 
the anemia disappeared But this “cure” of the anemia was only 
apparent The infiltrations by specific Gaucher tissue m bone marrow, 
liver and lymphatic glands continued Because of the resulting mechani- 
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cal pressure, the bone marrow was functionmg under difficulties The 
red blood cells persisted and functioned longer because of the remo^al 
of the hemol3ffic activitj* of the spleen The essential lesion in the 
bone marrow progressed. The red blood cells became increasing!}’- 
immature, tlie hemoglobin balance being maintained despite these diffi- 
culties In order to mamtam tins balance, the number of nucleated red 
blood cells constantl} increased However a limit was reached, and 
finally anemia reappeared, despite the normoblasts Later, even the 
production of platelets and of white blood cells w as affected 

Another interesting finding was hepatic d}sfunction, as shown by 
the abnormal detoxif)ung function test (bromsulphalein), the uro- 
bihnogen m^ the urme and tlie macroc3tosis of the red blood cells 
Anatomicall}*, infiltration of the liver with Gaucher tissue, cirrhosis of 
the liver and a heterotopic nodule of bone marrow were noted It 
seems that the bod}* econom}* had reverted to embr}mnal blood formation 
in the hver to overcome the inabilit}’- of the bone marrow to maintain 
hemoglobin equilibrium 

The extensive skeletal involvement is worth emphasizmg The 
collapsed vertebra and subsequent changes in the contiguous inter- 
vertebral disks may present a roentgen picture similar to that m cases 
of Pott s disease The osteoplastic changes m the proximal portion of 
the nght humerus are a rant}’- in Gaucher’s disease The arthntic 
m\olvement in earl}’- childhood, interpreted as rheumatic fever, reem- 
phasizes the importance of the role of diseases of metabolism m the 
causation of the arthropathies 
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Recent iinpi ovements in technic have made possible ceitain studies^ 
on the dynamics of the pulmonary ciiculation m dogs under more nearly 
1101 mal conditions than heretofore It has been found that the \elocity 
of the pulse wave m the pulmonaiy arteiies is about the same as that 
in the aoita at the physiologic pressures existing in each Howevei, 
at comparable piessuies the velocity is much gieatei m the pulmonaiy 
aiteries than m the aoita, which suggests that in low pressure langes 
the large pulmonary arteries are less easily distended than is the aoita 
Vaiiations m the pressure in the pulmonary arteries with respnation 
aie m the same diiection as the variations in the pressuie m the systemic 
aiteries, falling m inspiration and rising in expiration The vaiiations 
in the pulmonary arteries aie probably the direct lesult of changes in 
intrathoracic pressuie lather than the indiiect result of respiratoiy 
fluctuations in systemic venous flow Suddenly increasing the systemic 
aiterial pressure by the administration of epinephrine causes onty a 
slight use in the pressuie m the pulmonaiy arteries Thus the right 
ventricle is spared the sudden strain to which the left ventricle is 
subjected This sparing action is due in pait to the lowering of systemic 
venous pressure, in pait to the ability of the left ventricle to adjust the 
foice of its ejection to the arterial lesistance, but, above all, to the gieat 
capacity of the pulmonai)'^ bed, enabling it to increase its blood content 
considerably without a great use in pressuie Under asphyxial con- 
ditions the systemic arterial pressuie first uses and then falls The 
pressure m the pulmonary arteries and veins does not use significantly 
till the systemic arterial pressure staits falling Thus, under vaiious 
adveise conditions the weakei, right ventricle is protected by the buftei 
eflrect of the pulmonary circuit 

From the Cardiac Clinic of the Massachusetts General Hospital 

1 Johnson, V , Hamilton, W F , Katz, L N , and Weinstein, W Studies 
on the Dynamics of the Pulmonary Circulation, Am J Physiol 120 624, 1937 
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McMichael,- and Sweeney and Mayerson “ ha\ e made careful studies 
of the postural changes in cardiac output in man The results of 
previous investigations have not been uniform, although the majority 
have indicated that the output decreases after the subject changes from 
the lying to the sitting or the erect position This conclusion has been 
upheld by the aforementioned authors, and their studies have indicated 
that the amount of the fall is usually from 2 to 30 per cent Sometimes 
this fall may be masked by the increased rate of consumption of oxygen 
usually found when the subject is in the standing position 

Gibson and Evans ^ have used a modification of the dye method in 
the determination of the plasma and of the total blood volume which 
has given reliable results It was found that in normal adults the total 
volume of blood varies within wide limits In males the average is 
77 7 and in females 66 1 cc per kilogram of body weight, the difference 
being due largeE to the greater volume of red blood cells in males It 
was further found that no relation exists between variations in total 
blood volume, venous pressure and velocity of blood flow but that the 
relation of blood volume to height or surface area offers a useful basis 
for the estimation of the normal blood \ olume 

Evans and his associates ha^e shovn that the woiking heait utilizes 
not only dextrose but lactate Under resting conditions the lactate 
content of the blood is at its basic level, and its usage b}- the heart is 
small During strenuous muscular exertion, however, the lactate content 
of the blood is enormously increased, and the heart then uses consider- 
able amounts of that substance and, moreover, uses it in preference to 
dextrose and in larger amounts Now it is known that the glycogen 
content of the heart working under relatively normal conditions is well 
maintained, and it is a matter of importance to know the relation 
between the gl}' cogen content of the heart and the sugar and lactate 
content of the blood 

This problem has been carefull}' studied by Bogue, Evans and 
Gregory'^ They availed themseh^es of the fact that the continuous 

2 !McMichaeI, J Postural Changes m Cardiac Output and Respiration in 
Alan, Quart J Exper Physio] 27 55, 1937 

3 S V eenej , H Af , and Alayerson, H S Effect of Posture on Cardiac 
Output, Am J Physiol 120 329, 1937 

4 Gibson, J G, and Evans, A, Jr Clinical Studies of the Blood Vol- 
ume I Clinical Application of a Alethod Employing the Azo Dye “E\ans Blue” 
and the Spectrophotometer, J Clin In\ estigation 16 301, 1937, II The Relation 
of Plasma and Total Blood Volume to A^enous Pressure, Blood Velocity Rate, 
Ph 3 sical Aleasurements, Age and Sex in Ninety Normal Humans, ibid 16 317, 
1937 

5 Bogue, J Y , E\ans C L, and Gregor>, R A The Source of Heart 
GK cogen. Quart J Exper Phjsiol 27 27, 1937 



810 


ARCHIVES OF INTERNAL MEDICINE 


administration of epinephrine rapidly depletes cardiac glycogen ® By 
using dog heart-lung preparations it was found that heart failuie rapidly 
sets m when the glycogen reaches a low level, suggesting that cardiac 
muscle IS incapable of functioning m the absence of glycogen Addition 
of lactate after epinephrine depletion of cardiac glycogen leads to no 
recovery of glycogen, although there is evidence that the lactate is 
utilized in muscular contraction Addition of dextiose aftei glycogen 
depletion results in considerable restoiation of glycogen, showing that 
this substance is foimed from dextiose Addition of both dextrose 
and lactate to a glycogen-depleted heart leads to a smaller formation of 
glycogen than is obtained with dextrose alone, because higher concentra- 
tions of lactate depiess the utilization of sugar 

The polemic regarding the incidence and significance of blood vessels 
in human cardiac valves, which began nearly a century ago, still exists 
Gross concluded from his extensive studies that blood vessels do not 
exist m normal valves or that if the} do they must be rare He further 
concluded that a heart which has so-called normal vascularized valves 
presents widespread stigmas of healed rheumatic fever He has cited 
his reasons for believing that rheumatic fever which has gone on to 
complete healing is responsible for the foimation of these blood vessels 

On the othei hand, Wearn and his co-workers ® have reemphasized 
that blood vessels are frequently present in normal cardiac valves The 
occurrence and distribution of vessels in the valves were studied in 255 
hearts revealing no evidence of inflammatory disease and in 78 hearts 
recognized as being or as having been the seat of inflammation Sixty- 
six per cent of the hearts which showed no evidence of inflammatory 
disease revealed vascularization of one or more valves, about half of 
which were vascularized beyond the proximal third of the leaflets oi 
cusps Of especial interest in proving that this vascularization is not 
the result of unrecognized inflammation was the discovery that m 12 of 
49 infants under 1 year of age one or more of the cardiac valves were 
vascularized beyond the proximal third Of the hearts which showed 
evidence of inflammatory disease, 88 per cent revealed vascularization 
of one or more valves, and 69 per cent revealed one or more valves 
that were vascularized beyond their proximal third The frequency 
with which the various valves are vascularized follows the same sequence 
in the two groups, the mitral valve having the highest incidence, followed 
by the tricuspid, pulmonic and aortic valves 

6 Chang, I The Influence of Adrenaline on Cardiac Glycogen, Quart J 
Exper Physiol 26 285, 1937 

7 Gross, L Significance of Blood Vessels in Human Heart Valves, Am 
Heart J 13 275, 1937 

8 Wearn, J T , and Moritz, A R The Incidence and Significance of Blood 
Vessels in Normal and Abnormal Heart Valves, Am Heart J 13 7, 1937 
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In deciding between these two autlioiitative leports it is our opinion 
that the positive findings of Wearn have the advantage over the negatne 
findings of Gross 

Shipley and his associates ° have found that during the noinial 
giowth of the rabbit heart the muscle fibers enlarge and the capillaries 
multiply, so that a relatively constant capillary supply per unit of tissue 
is maintained from the time of birth to maturity In cardiac hyper- 
trophy the muscle fibers enlarge beyond the normal, but the capillaiies 
do not multiply, with the lesult that the capillaiy supply per unit of 
tissue IS reduced It is pointed out that in the hypeitrophied heart the 
relatively decreased capillary supply constitutes an impediment to the 
exchange of metabolic substances 

MacMahon^° was prompted to study the pioblem of normal and 
pathologic growth of cardiac muscle elements by the observation of an 
unusually large number of mitoses in the myocardial fibers of the 
enlarged heart of a 6 month old child Careful histologic examination 
of 2 other enlarged hearts, of infants of 12 and 20 months of age, 
respectively, revealed the presence of mitoses in all stages of nucleai 
division Isolated mitotic figures were also observed in the heart of a 
boy 6 yeais of age who died seveial days after the onset of diphtheria 
The mitoses weie present in muscle fibers which bordered zones 
of destruction MacMahon’s observations are of unusual interest as 
many investigators have painstakingly searched throughout the myo- 
cardium of patients with caidiac hypertrophy without finding any 
positive evidence, in the form of mitoses, of proliferation of muscle 
fibers 

Comeau has described 2 cases of diffuse parietal endocardial 
sclerosis and has reviewed the cases described previously 

Golden and Brams were able to find in the medical liteiature of 
the last century only 38 reports of cases in which the heart weighed 
1,000 Gm or more Details of 9 additional cases are given Of 
especial interest is the fact that the enlargement m only 1 of these 9 
was associated with pericardial adhesions, while about half of those 
previously reported were supposedly due to pericardial adhesions alone 
or in combination with valvular disease Aortic regurgitation of 
syphilitic origin and aortic stenosis of rheumatic origin are the common 
causes of massive cardiac enlargement aside from adhesive pericarditis 

9 Shipley, R A , Shipley, L J, and Wearn, J T The Capillary Supply in 
Normal and Hypertrophied Hearts of Rabbits, J Exper Med 65*29, 1937 

10 MacMahon, H E Hyperplasia and Regeneration of the Myocardium in 
Infants and in Children, Am J Path 13:845, 1937 

11 Comeau, W J Diffuse Parietal Endocardial Sclerosis Review of the 
Literature and Report of Two Cases, Am J Path 13 277, 1937 

12 Golden, J S , and Brams, W A Extreme Cardiac Enlargement, Am 
Heart J 13 207, 1937 
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METHODS, SYMPTOMS AND SIGNS 

Ken and his associates have devised a modified stethoscope, 
termed the symhallophoiie, which can be used to determine the point of 
origin of sounds and the diiection of propagation Preliminary observa- 
tions have indicated that this device will be useful in studying heait 
sounds and murmurs 

Sprague has reviewed the subject of the mechanism of pioduction 
of cardiac murmurs Of especial interest is the discussion of ceitain 
factors modifying the audibility of murmurs For example, the extreme 
softness or absence of a diastolic murmui of aortic i egurgitation in 
many instances of aortic stenosis is probably due to the damping eftect 
of the cone-shaped valves directed against the cm rent, augmented by 
the damping effect of the funnel-shaped opening into the left ventiicle 
from the aorta Again, in instances of mitral stenosis associated with 
high blood pressure m the left auricle, the mitial regurgitant murmui 
may be greatly damped because the entiance of a jet of fluid into a 
chamber where the pressuie is high causes less niuimui The question 
of functional murmurs has been ably discussed by the authoi 

Lian^® has described 3 cases in which continuous muimuis veie 
best heard in the second or third intercostal space to the light of the 
sternum He has given his leasons foi believing that these murmui s 
originated m the superioi vena cava, probably as a lesult of compiession 
of this vessel, and that they veie analogous to the continuous muimuis 
sometimes heard over the jugulai vein m the neck Lian has fuither 
described 2 cases m which continuous murmui s weie heaid oiei the 
right intei scapulovertebral space and has explained their presence as 
being due probably to compiession of a pulmonaiy vein We are 
reminded of a case in which a loud continuous muimur was heaid ovei 
the lower right portion of the thorax posteriorly, neciopsy did not leveal 
anything which would serve as an explanation 

Dressier has described, with considerable accuracy, the pulsations 
of the wall of the chest as they aie found normallj and in ceitain 

13 Kerr, W J , Althausen, T L , Bassett, A M , and Goldman, M J The 
Symballophone A Modified Stethoscope for Lateralization and Comparison of 
Sounds, Am Heart J 14 549, 1937 

14 Sprague, H B The Mechanism of the Production of Heart Murmurs, 
in Kerr, W J Modern Concepts of Cardiovascular Disease, New York, American 
Heart Association, 1937, vol 6 

15 Lian, C Le souffle continu cave superieur. Bull et mem Soc med d hop 
de Pans 53 1088, 1937 

16 Lian, C Le souffle veineux continu de I’espace interscapulo — vertebral 
droit. Bull et mem Soc med d hop de Pans 53 1100, 1937 

17 Dressier, W Pulsations of the Wall of the Chest I General Considera- 
tion, Arch Int Afed 60 225 (Aug) 1937, II Pulsations Associated with Aortic 
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types of heait disease Although it is good to have on record a coriect 
analysis of these pulsations, the practical value of such knowledge is 
small 

ROENTGENOLOGY 

Roeslei has written the most authoritative book in the English 
language on the subject of cardiovasculai roentgenology This book has 
been adequately reviewed in many medical journals 

One of the most important studies that have been reported during 
the past year was Palmer’s on the development and piogression of 
cardiac enlargement in heart disease as detei mined from seiial 
teleroentgenograms The material has been well arianged and concisely 
dealt with and is of great practical value Of especial interest weie 
the findings m cases of hydrothorax due to heait failuie, in which, 
contrary to expectation, appreciable caidiac displacement was not found 
to occur About the only statement with which we are not in agreement 
IS that in coronary disease, enlargement of the heart may be due to 
chronic myocardial ischemia alone Of the 5 cases illustiating this con- 
ception, complications were present in every one, coionaiy thrombosis 
m 4 and chronic congestive failure m 1 other 

The moie significant conclusions are worth quoting 

In the majority of cases of congestive failure no decrease was noted in the 
size of the heart after clinical improvement When regression did occur, it was 
usually general, in\olving both borders, but chiefly the right auricle and superior 
vena cava 

Although the evidence is yet inconclusive, some degree of permanent enlarge- 
ment probably often remains as a result of, and after recovery from, prolonged 
bouts of congestive failure, such as are found in mitral stenosis and in hyper- 
thyroidism with auricular fibrillation Short bouts of failure, e g, m prolonged 
attacks of paroxysmal tachycardia, are without permanent effect on the size of 
the heart 

No example could be found of a right-sided hydrothorax in failure causing 
displacement of the right border of the heart, or of the heart as a whole, to the 
left On the contrary, the right border was often moved to the right, apparently 
influenced by elevation of the diaphragm 

Regurgitation, ibid 60 437 (Sept) 1937, III Pulsations Associated with Tri- 
cuspid Regurgitation, ibid 60 441 (Sept) 1937, IV Pulsations Associated with 
Adhesive Pericardial Disease, ibid 60 654 (Oct) 1937, V Pulsations Associated 
with Mitral Regurgitation and Aneurysmal Dilatation of the Left Auricle, ibid 
60 663 (Oct) 1937 

18 Roesler, H Clinical Roentgenology of the Cardiovascular System, Spring- 
field, 111 , Charles C Thomas, Publisher, 1937 

19 Palmer, J H The Development of Cardiac Enlargement in Disease of 
the Heart A Radiological Study, Medical Research Council, Special Report 
Series, no 222, London, His Majesty’s Stationery Office, 1937 
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Enlargement of the heart in paroxysmal tachycardia is referable to the super- 
vention of congestive failure in a prolonged attack, for otherwise it is minimal 
or absent 

Established auricular fibrillation and flutter usually, but not always, cause 
enlargement When enlargement develops it is almost invariably associated with 
signs of congestion in one or both of the pulmonary and systemic circuits Radio- 
logically the enlargement is found to involve most frequently the right auricle, 
superior vena cava, pulmonary arc, and less often the left auricle The enlargement 
m these arrhythmias is probably bound up with and indicative of coincident failure 

Wherever the heart assumes a so-called characteristic radiological shape, notably 
in valvular lesions, the local changes in chamber size involved in the determination 
of this shape are the first changes to take place Further enlargement of the 
X-ray shadow tends to be more or less equally distributed on all cardiac borders 
(general enlargement), thus pieserving, though in a modified form, the shape 
peculiar to the disease After the apex has reached the left axilla, progressive 
enlargement continues to the right 

General enlargement was the type most often encountered during the investiga- 
tion It was due, both in the later stages of slowly developing enlargement, and 
in the more rapid enlargement associated with such conditions as the onset of 
auricular fibrillation, chiefly to the participation of more than one chamber in 
the process 

Another factor tending to bring about an appearance of general enlargement 
IS the ability of the fibrous pericardium so to distribute intra-pericardial tension 
by causing alteration in position of the heart in the pericardial sac that localised 
increase in cardiac size may result in displacement of all borders of the radio- 
logical shadow in some measure 

The impression was gained that there is in young persons a greater tendeiicj 
than in older ones towards development of enlargement under similar conditions 
In this connection the single case of rapid and great hypertrophy in a child with 
hypertension is significant 

In essential hypertension cardiac enlargement appears to develop simultaneously 
and equally with the gradual rise of blood-pressure to a permanent fixed level 
during months or years Progressive enlargement in uncomplicated cases does 
not easily occur after the blood-pressure level has become stabilized 

Most examples of progressive cardiac enlargement were seen in diseases known 
to be progressive in the pathological sense, chiefly rheumatic valvular lesions and 
coronary sclerosis This observation, taken in conjunction with the findings that 
enlargement often failed to progress in stabilized hypertension, in syphilitic aortic 
incompetence where there was apparent clinical arrest of the lesion, and in gross 
aneurysm of the myocardial wall following coronary thrombosis, lends support to 
the view that enlargement evoked in response to a certain burden does not progress 
if the burden is not increased It may be assumed that whenever progressive 
enlargement is discovered either the original lesion is progressive in character or 
some new factor has become operative 

So-called acute dilatation of the heart, that is, gross enlargement developing 
in a few hours or days, is rare It never seems to arise at the onset or during 
the course of abnormal rhythms where it might be expected, nor m the later 
stages of chronic cardiac disease The nearest approach to it seems to be the 
rapid enlargement shown by Dorner to develop within a few days in severe 
diphtheria 
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ELECTROCARDIOGRAPHY 

Joint 1 ecommendations for the use of a single piecordial lead 
(called lead IV) as a loutine have been made by committees acting 
foi the Ameiican Heait Association and the Caidiac Society of Gieat 
Britain and Ii eland In addition to these joint recommendations the 
American committee has had published a moie extended account vith 
reference to multiple piecoidial leads and to the theoietic considei ations 
on vhich these i ecommendations are based 

For oidinary use the following i ecommendations apply The apical 
electrode should be ciicular and between 2 and 3 cm m diametei It 
should be placed over the extieme outei apical bolder of the heart as 
determined by palpation If the palpation is unsatisfactoiy the apical 
border of the heart should be determined by some other means The 
paired electrode preferably should be placed on the left leg, in which case 
the lead is designated as IV F If othei locations for the indifferent 
electrode are selected, they should carry the designation B 'foi inter- 
scapular region, R foi light aim and L for left arm Galvanometiic 
connections should be made m such a way that the lelative positivity of 
the apical electiode is represented m the electrocardiogi am by an upwaid 
deflection The deflections m the precoidial lead should be designated 
P, Q, R, S and T, respectively, just as in the case of the limb leads 
Normally the QRS wave of this new lead IV is diphasic, with an 
upright first phase, R, and the T wave is upiight The report of the 
American committee should be consulted for details concerning the 
employment of multiple chest leads 

Gilson and Bishop -- have presented a convincing argument that 
the dipole theoiy of tissue potentials, which attempts to explain the 
genesis of the electrocardiogram, is inadequate They have stated the 
opinion that the classic hypothesis, or the hypothesis of so-called 
negativity, should not be abandoned on the basis of arguments offeied 
111 support of the dipole theory 

Katz has presented a summary of his views in regard to the genesis 
of the electrocardiogram It is especially emphasized that the electro- 
cardiogram IS a record of events in favored rather than in all regions 

20 Standardization of Precordial Leads Recommendations of the American 
Heart Association and the Cardiac Society of Great Britain and Ireland, Am Heart 
J 15 107, 1938 Standardization of Precordial Leads, JAMA 110 395 
(Jan 29) 1938 

21 Standardization of Precordial Leads Supplemental Report, JAMA 
110 681 (Feb 26) 1938 

22 Gilson, A S , and Bishop, G H The Effect of Remote Leads upon the 
Form of the Recorded Electrocardiogram, Am J Phj'siol 118 743, 1937 

23 Katz, L N Concerning a New Concept of the Genesis of the Electro- 
cardiogram, Am Heart J 13 17, 1937 
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of the heait Curients due to injuiy and affecting these favoied legions 
aie levealed, but those in other aieas may be missed 

Abramson and Jochim have stated that they aie not m agieement 
with current concepts regaidmg the impulse spiead m the ventiicles 
Their expeiimental data have justified the liehef that the impulse does 
not leave the subendocaidial Puikmje netwoik to spread out and ovei 
the muscle itself but lemains in this netwoik and excites the muscle 
m numerous places almost simultaneously, also, that the impulse spread 
has no relation to the diiection of the muscle bundles These expeii- 
mental data confirm the anatomic obsenations of Abiamson and 
Maigohn 

We feel that despite vide difteiences m opinion legaiding the 
intimate natuie of the electiocaidiogiam its clinical value lemains about 
the same because clinical electiocaidiogiaphy is largely empiric These 
differences also form a stiong aigument for the importance of continu- 
ing to collect such empiric clinical data 

Robb and Robb have i eemphasized that v hen the R peaks of the 
electiocardiogram are out of phase, theie exists no satisfactoiy method 
for calculating the electrical axis Thus unless £„ equals plus E„ 
the R peaks are out of phase, and each R may have an axis of its own 
that differs about 50 to 100 degrees fiom those of the otheis It is 
suggested that m these instances the method used in calculating the axis 
should be indicated 

Lambert-^ stated that he vas peisuaded on the basis of animal 
experimentation and clinical obsenation that certain alteiations in 
the P wave and in the PR segment may occui as a lesult of ischemia 
of the auiicular musculatuie These alterations aie, notably, a notching 
or inversion of the P wave and depiessions of the PR segment vhich 
aie analogous to changes in the ST segment The significance of such 
alterations is lost, however, unless normal sinus ihvthm is piesent Also 
certain normal variations of the P wave must be kept m mind such as 
slight notching in any lead and inveision in lead III 

Barker, Johnson and Wilson,-® and Hegglin and Plolzmann ha\e 
1 eemphasized the fact tliat the Q to T mteival of the electiocaidiogiam 

24 Abramson, D I , and Jochim, K The Spread of the Impulse m the 
Mammalian Ventricle, Am J Physiol 120 635, 1937 

25 Abramson, D I, and Margolin, S A Purkmie Conduction Network in 
the Myocardium of the Mammalian Ventricles, J Anat 70 250, 1936 

26 Robb, R C , and Robb, J S The Electrical Axis in Simultaneous Leads 
I Factors Increasing the Dispersion of Normal Values, Am Heart J 14 588, 1937 

27 Lambert, J Les alterations d’ongine coronal lenne du complexe electro- 
cardiographique aunculaire Etude experimentale et clmique. Arch d mal du 
coeur 30 3, 1937 

28 Barker, P S , Johnson, F D , and W ilson, F N The Duration of 
S\ stole in Hypocalcemia, Am Heart J 13 82, 1937 
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IS abnormally piolonged in the presence of abnormall} low levels of 
calcium m the blood serum This, as an incidental finding, may lead 
to the recognition of othenMse unsuspected conditions associated vith 
hypocalcemia 

Mussen found that in i abbits, after orthostatic collapse oi after 
the administration of histamine in large doses, there regularly appeared 
in the electrocardiogram lowering of the ST segment m leads I and II 
which was sometimes associated with inversion of the T waves Histo- 
logic examination of the cardiac muscle of animals which survived the 
histamine or orthostatic collapse revealed disseminated anoxemic 
neci osis 

Akesson®^ has reported the finding of an inveited T wa\e in lead 
II or III of the electiocardiograms of apparently normal peisons which 
changed to normal vhen there was a shift from the upright to the 
recumbent position He concluded that this apparent abnormality, 
which suggests coronal)'’ disease, may be dependent on relative myo- 
cardial ischemia due to what he has called orthostatic arterial 
insufficiency 

CARDIAC ARRHYTHMIAS 

Dumitresco-Mante has studied the problem of icteiic bradycaidia 
From clinical and experimental observations he concluded that icteric 
bradycardia is neurogenic, resulting from disequilibrium between the 
vagus and the sympathetic nerves but ^Mth the vagal tonus predomi- 
nating This disequilibrium is believed to be due to the increase in the 
content of choline and potassium in the blood rather than any change in 
concentration of the bile salts or calcium 

Harvey has pointed out that in many instances of paroxysmal 
tachycardia the auricular complex is not clearly discernible m the three 
conventional electrocardiographic leads and for this reason the cardiac 
rh)1;hm cannot be determined with certainty Cases are presented 
illustrating the manner m which this difficulty was overcome with the 
aid of esophageal leads 

29 Hegglin, R , and Holzmann, M Die klinische Bedeutung der verlangerter 
QT-Distanz ( Sj' stolendauer) im Elektrokardiogramm, Ztschr f khn Med 132 1, 
1937 

30 klussen, H Ueber Coronarinsuffizienz nach Histamin-Collaps und nach 
orthostatischen Collaps, Beitr z path Anat u z allg Path 99 329, 1937 

31 Akesson, S Ueber Veranderungen des Elektrokardiogramms bei ortho- 
statischer Zirkulationsstorung, Upsala lakaref forh 41 383, 1936 

32 Dumitresco-Mante, M La bradycardie et le syndrome humoral au cours 

des icteres du tjpe catarrhal, J de physiol et de path gen 35 14 and 416, 1937 

33 Harvej, A McG The Origin of Paroxysmal Tachycardias as Deter- 
mined by the Esophageal Electrocardiogram, Ann Int Med 11 57, 1937 
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We suggest that m many cases, at least, this technic is unnecessary 
because a well defined auricular wave may be obtained in a precordial 
lead by placing one electrode m the third or fourth interspace just to 
the right of the sternum 

Campbell and Lyon have reported observations on patients with 
paroxysmal tachycardia with a very rapid heart rate The nature of 
these arrhythmias is often difficult |:o determine even from electro- 
cardiograms Usually the paroxysms consist of either auricular tachy- 
cardia or auricular flutter and aie more likely to be associated with a 
diseased than with a healthy heart Cardiac symptoms usually appear 
unless the attack is short lived 

Brill has reviewed in a concise manner the knowledge concerning 
auricular fibrillation from a clinical aspect 

Sprague has described an unusual instance of auricular fibrillation 
and bundle branch block After the administration of digitalis the 
auricular fibrillation ceased, but the bundle branch block persisted and 
was associated with a short PR interval This strange association has 
been shown to occur in apparently healthy persons, and the importance 
of its proper recognition is apparent 

Comeau has critically reviewed the medical literature on recurrent 
complete heart block alternating with normal conduction and accom- 
panied by the Adams- Stokes sjmdrome Two additional cases are 
reported, and certain practical and therapeutic considerations are 
emphasized 

Hoff and Nahum have analyzed the cardiac irregularities produced 
in rabbits after the administration of calcium salts In the non- 
anesthetized animal, after the injection of 20 cc of a 10 pei cent solution 
of calcium chloride, auricular fibrillation developed in each instance, as 
well as frequent prematuie beats and various grades of auriculoven- 
tricular block Previous atropinization prevented aunculoventricular 
block and auricular fibrillation but promoted the development of 
ventricular extrasystoles and occasionally precipitated ventriculai 

34 Campbell, M Paroxysmal Tachycardia m Infants, Guy’s Hosp Rep 87 
205, 1937 

35 Lyon, J A Excessively Rapid Heart Rates Report of a Case with 
Autopsy, J A M A 108 1393 (April 24) 1937 

36 Brill, I C Auricular Fibrillation The Present Status, with a Review 
of the Literature, Ann Int Med 10 1487, 1937 

37 Sprague, H B Auricular Fibrillation and Bundle Branch Block in an 
Apparently Normal Heart A Case Report, Internat Clin 1 187, 1937 

38 Comeau, W J Paroxysmal Heart Block Alternating with Normal Rhythm 
and Conduction, Am J M Sc 194 43, 1937 

39 Hoff, H E, and Nahum, L H An Analysis of the Cardiac Irregularities 
Produced by Calcium and Their Prevention by Sodium Amytal, J Pharmacol & 
Exper Therap 60 425, 1937 
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lachycai dia and ventricular fibrillation Sodium amytal in narcotic doses 
was found to suppiess all cardiac irregularities due to calcium chloride 
and to prevent arrest of the heart, which is probably to be attributed to 
the depression of both vagal and sympathetic activity 

CONGENITAL HEART DISEASE 

Yatei and Shapiro have reported a typical example of Ebstein’s 
disease and have summarized the data regarding 15 previously reported 
cases This disease is a rare congenital anomaly, consisting essentially 
of downward displacement of the tricuspid valve in an otherwise com- 
pletely developed heart Commonly associated findings aie patent 
f 01 amen ovale and enlargement of the right auricle 

Clinical diagnosis of this disease seems impossible, although it may 
be suspected The enlargement of the heart is not characteristic 
Usually there is a loud systolic murmur heard best at the level of the 
third or fourth intei costal space near the sternum, occasionally both 
systolic and diastolic murmurs are heard with or without an accompany- 
ing thrill The pulmonic second sound is usually not accentuated 
Cyanosis and clubbing of the fingers may or may not be present Signs 
of tricuspid insufficiency usually appear only when congestive heart 
failure is precipitated" This condition is compatible with long life, and 
pulmonary tuberculosis appeals as a frequent complication 

RHEUMATIC HEART DISEASE 

Ettologic Facta) s — Theie has been furthei evidence against the 
concept that rheumatic fever may be due to the combined influence of 
vitamin C deficiency and infection Finkle,^^ and Faulkner and Taylor,^" 
who have studied the relation of vitamin C and infection, have found 
no evidence that vitamin C deficiency has a causal relation to any patho- 
logic condition other than scurvy and that the effect of rheumatic fever 
on vitamin C metabolism appears to be the same as that of other 
infectious diseases McBroom and his associates have studied acute 
scurvy produced in guinea pigs with and without superimposed infec- 
tion It was concluded that although scurvy may indirectly be a factor 

40 Yater, W M , and Shapiro, M J Congenital Displacement of the Tri- 
cuspid Valve (Ebstein’s Disease) Review and Report of a Case with Electro- 
cardiographic Abnormalities and Detailed Histologic Study of the Conduction 
System, 'Ann Int Med 11 1043, 1937 

41 Finkle, P Vitamin C Saturation Levels in the Body in Normal Subjects 
and in Various Pathological Conditions, J Clin Investigation 16 587, 1937 

42 Faulkner, J M, and Taylor, F H L Vitamin C and Infection, Ann Int 
Med 10 1867, 1937 

43 McBroom, J , Sunderland, D A , Mote, J R , and Jones, T D Effect 
of Acute Scurvj' on the Guinea-Pig Heart, Arch Path 23*20 (Jan ) 1937 
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in lowering the general resistance of the body to infection, there is as 
yet no evidence of a direct causal relation between this disease and 
rheumatic fevei 

Eagles and his co-workers have piesented evidence which, they 
concluded, supports the possibility that iheumatic fever is due to a 
virus infection Suspensions of particles bearing a close resemblance 
to elementary bodies of known virus infection were prepared from 
exudates obtained from patients with acute rheumatic fever, iheu- 
matoid arthritis and chorea These particles were found to be 
agglutinated by serum from patients suffering from the correspond- 
ing disease Cross agglutination occuiied within the whole group 
with sufficient regularity to point to an interrelation Various control 
suspensions weie in no case agglutinated by any of the known serums 
Agglutination of suspensions of exudates from patients with rheumatic 
fever by serum fiom patients with rheumatic fever occurs in various 
types of the disease in the active stage and also when it has become 
inactive The numbei of serums giving a positive agglutination reaction 
IS about equal to the numbei of those showing no agglutination When 
individual serums were tested at intervals throughout several weeks, it 
was not possible to correlate the piesence or absence of agglutination 
with any definite phase of the clinical condition We wish to add that 
other investigators, using essentially the same material and methods, 
have not been able to substantiate these results 

A number of interesting reports^® have appeared showing the 
influence of climate and race on rheumatic heart disease Of especial 
interest is Paul and Dixon’s survey among American Indian school 
children in northern and southein localities It was found that in the 
cold though relatively dry climate of the northwestern localities the 
incidence of rheumatic heart disease is high (4 5 per cent), whereas in 
the warm and dry climate of the southwestern localities the incidence 
IS low (0 5 per cent) In localities between these extremes the incidence 
of rheumatic heart disease is 1 9 per cent Furthermore, it is probable 
that the clinical course of the disease is milder in southwestern than in 
northern localities Even allowing for possible souices of error, it is 
apparent that the incidence of rheumatic heart disease is many times 
greater in the North than m the South 

44 Eagles, G H , Evans, P R , Fisher, A G T, and Keith, J D A Virus 
in the Aetiology of Rheumatic Diseases, Lancet 2 421, 1937 

45 Paul, J R, and Dixon, G L Climate and Rheumatic Heart Disease 
A Survey Among American Indian School Children m Northern and Southern 
Localities, JAMA 108 2096 (June 19) 1937 Chang, F C, and Dieuaide, 
F R Clinical Study of Rheumatic Fever, Chinese M J 51 581, 1937 Maddox, 
K Metropolitan and Rural Incidence and Distribution of Acute Rheumatism 
and Rheumatic Heart Disease in New South Wales, M J Australia 1 394, 1937 
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Pathologic Changes — Waaler,^® in a study of the supeiioi vena cava 
at its entiance into the right auricle, observed rheumatic lesions in 8 of 
73 cases of iheumatic caiditis These lesions have some of the features 
of the lesions of auiicular iheumatic endocaiditis and also of rheumatic 
aortitis which have been described In 8 additional cases hyaline plaques 
weie observed, but it was undecided whether they lepresented the final 
and healed stage of the acute iheumatic lesions or whether they were 
sclerotic 

Gross and Silverman have studied the inflammatory changes 
observed m the aoitic commissures in 70 cases of iheumatic fever The 
pathogenesis of these commissural lesions was discussed, and it appears 
that even though the original infection may reach the aoitic ring through 
several routes, in most instances the inflammatoiy gianulation tissue 
passes from the pericardial mantle thiough the aoitic loot, wedge and 
annulus to reach the aortic ring 

Rae has desci ibed some unusual pathologic changes seen in a 
young child who died of acute rheumatic fever with pancaiditis Marked 
acute inflammatoiy lesions of a piolifeiative, degenerative and necrotic 
character involved the mam coionaiy aiteiies Laige aneurysmal dilata- 
tions in the light coionaiy aiteiy and in the descending branch of the 
left coionary artery weie observed Thrombosis occuiied m the right 
coronary aneuiysm without causing myocardial infarction Although 
the possibility that these aneurysms were of congenital oiigiii cannot be 
denied, it is much moie likely that they lesulted from iheumatic 
infection 

Massell and his associates demonstrated that the subcutaneous 
injection of the patient’s own blood, with subsequent frictional pressure, 
lesulted m the appearance of a nodule in the immediate area in 37 of 
82 subjects with rheumatic fever and chorea A definite i elation was 
found between the activity of the process of rheumatic fever and the 
induction of nodules Thus, the appeal ance of nodules in 90 per cent 
of the patients with clinically active rheumatic fever and m 50 per cent 
of those with only laboratory evidence of active rheumatic fever was in 
striking contiast to their appearance in only 14 per cent of the subjects 
without evidence of active iheumatic fever and in 14 pei cent of the 

46 Waaler, A Morphological Changes m the Superior Vena Cava and Right 
Auricle in Rheumatic Heart Disease, Am J Path 13 855, 1937 

47 Gross, L , and Silverman, G The Aortic Commissural Lesion in Rheu- 
matic Fever, Am J Path 13 389, 1937 

48 Rae, M V Coronary Aneurysms with Thrombosis in Rheumatic Carditis, 
Arch Path 24 369 (Sept ) 1937 

49 Massell, B F , Mote, J R, and Jones, T D The Artificial Induction 
of Subcutaneous Nodules in Patients with Rheumatic Fevei, J Clin Investiga- 
tion 16 125, 1937 
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subjects with chorea A nodule appeared in only 1 of the 34 control 
subjects The duration of these induced nodules varied fiom a few 
weeks to several months, and the clinical course was comparable to that 
when nodules appeared spontaneously 

Mote and his associates found that there is a great similarity of 
pathologic structure between induced and spontaneously occurring 
nodules of similar age 

Collins has reported his studies on the examination and com- 
parison of nodules from patients with iheumatoid arthritis and rheu- 
matic fever and nodules arising as the lesult of injury alone Certain 
differences were noted, but he concluded that there was enough evidence 
to postulate either a close pathologic i elation or a common etiologic 
factor of the nodules in rheumatoid aithiitis and those in rheumatic 
fever 

Cotiise and Piognosu — A numbei of leviews and statistical 
analyses have appeared bearing on the clinical couise of rheumatic 
fever Little that is new has been added One point that probably 
should be emphasized even more strongly than heietofore is the great 
tendency to recurrences after the initial attack of acute rheumatism in 
children They should be kept under close observation at least until 
past puberty, when the tendency toward recuirence is decreased 

Coniphcations — Graef and his co-woikers®® have studied caiefully 
the problem of aunculai thrombosis m hearts showing evidence of 
rheumatic disease This complication was present in 24 of the 178 
hearts studied Of the 24 instances of aunculai thrombosis, congestive 
heart failure was associated in 21, auncular fibrillation m 18, mitral 
stenosis in 18, active rheumatic carditis m 14 and macroscopic auricular 
scarnng m 22 Although all these factors appear to favor the develop- 
ment of auricular thiombi, the peisistence of active inflammation 
appears to be the chief one 

50 Mote, J R , Massell, B F, and Jones, T D The Pathology of Spon- 
taneous and Induced Subcutaneous Nodules in Rheumatic Fever, J Chn Investiga- 
tion 16 129, 1937 

51 Collins, D H Subcutaneous Nodule of Rheumatoid Arthritis, J Path 
& Bact 45-97, 1937 

52 Cushing, H B Rheumatic Fever and Heart Disease in Children, Canad 
M A J 37 311, 1937 Conner, L A Comments upon Certain Aspects of 
Rheumatic Fever and Rheumatic Heart Disease, New England J Med 217 503, 
1937 Coburn, A F, and Moore, L V The Independence of Chorea and 
Rheumatic Activity, Am J M Sc 193 1, 1937 Roth, I R , Lingg, C, and 
Whittemore, A Heart Disease in Children, Am Heart J 13 36, 1937 Leonard, 
M Puberty and Prognosis in Rheumatic Fever, ibid 14 192, 1937 

53 Graef, I , Berger, A R , Bunim, J J , and de la Chapelle, C E Auricular 
Thrombosis in Rheumatic Heart Disease, Arch Path 24 344 (Sept) 1937 
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Levine and White have reported their findings regai ding pul- 
monary infarction as a complication of severe disease of the mitral valve 
Five fatal cases have been repoited in detail, including the necropsy 
data Analysis of the incidence of this complication in a series of 52 
cases of mitral stenosis showed that pulmonary infarction occurred m 
61 per cent of the 23 cases in v Inch there was congestive failure and m 
only 7 pel cent of the cases in hich congestive failure was not present 
In a comparative group of 82 cases of h 5 ^pei tension there were 39 
instances of congestive failure, in 21 of which there nas pulmonaiy 
infarction Pulmonaiy mfaiction is a common complication of con- 
gestive failure fiom any cause but paiticularly when mitral stenosis is 
present, it is often o\ei looked and may account for the inability of the 
failing heart to respond to ti eatment 

Harviei and his associates'^ have discussed the occuirence of 
functional pulmonary reguigitation as a complication of mitral stenosis 
The difficulties in clinical diagnosis have been emphasized, especially 
the difficulty in differentiating the Graham Steell murmur from that of 
aortic regurgitation A case has been desciibed wherein roentgen 
kymography confirmed the clinical interpretation that pulmonary rathei 
than aortic regurgitation was piesent A plea has been made for the 
further employment of this diagnostic method m all such cases 

Contratto and Lei me made a study of 180 patients with aortic 
stenosis, unassociated with any other significant valvular disease, 53 of 
whom were examined post mortem They concluded that the etiologic 
factor in most cases was previous rheumatic infection In about half 
the cases an aortic diastolic murmur was not audible Angina pectoris 
occurred in nearly a fourth of the cases, and the presence of normal 
coronary vessels in 2 of the young patients and only minimal atheroma 
in the vessels of some of the others that had angina pectoris strongly 
suggested that the defoimity of the valve itself was in some way 
responsible The frequent absence (19 of the 41 instances) of aortic 
insufficiency m this group of patients with angina pectoris was of especial 
interest 

Ti eatment — Sadow and her co-woikers have shown that a diet 
that has a high caloric lalue and that is optimal m all nutiitional ele- 
ments IS beneficial m the treatment of rheumatic fever This conclusion 

54 Levine, H B , and White, P D Pulmonary Infarction Complicating 
Severe Disease of the Mitral Valve, Arch Int Med 60 39 (July) 1937 

55 Harvier, P , Mallarme, J , and Ledoux-Lebard, G Arterite pulmonaire 
aiec insuffisance fonctionelle de Torifice pulmonaire dans le retrecissement mitral 
a propos d’un cas a\ec radioki mographie. Pans med 1 397, 1937 

56 Contratto, A W , and Levine, S A Aortic Stenosis, with Special Ref- 
erence to Angina Pectoris and Syncope, Ann Int Med 10 1636, 1937 

57 Sadow, S E , Hubbard, J P , and Jones, T D A Dietarj’- Stud\ m 
Rheumatic Fever, New England J Aled 217 ' 170 1937 
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was based on the fact that the gam m weight ^\lth such a diet was 
greatei than with the usual hospital diet although no obseivable dif- 
feience in the couise of the disease was seen 

Bainacle, Ewalt and Ebaugh,®* and Kendell and Simpson®® have 
leported favoiably on the treatment of choiea with aitificial fever 
This has confiimed the favoiable lesults pieviously reported 

Levy and Golden®® have lepoited favoiable lesults of roentgen 
theiapy m active iheumatic heait disease Their expeiience coveied 
48 patients observed dm mg eleven and one-half years The impiession 
was gamed that low giade infections lespond bettci to iriadiation than 
the moie acute tjpes and that patients with congcstne failure aie pooi 
subjects foi this foim of therapy Patients with cardiac pain are uni- 
formly helped, save those Avith aoitic reguigitation The inannei in 
which impiovement is initiated is unknown The technical method has 
been desciibed We feel, howevei, that it is difficult to judge the \alue 
of any such theiapeutic measuie on the basis of the late of com alescence 
from a low grade iheumatic infection, wdnch is so notoiiously \aiiable 
111 Its course 

B \CTERIAL ENDOC \RDITIS 

Keefer®^ has studied a group of 15 patients wnth active bacteiial 
endocaiditis but wnthout bacteiemia Theie w^as no essential difteience 
m the clinical couise lecoided for these patients and that for a coin- 
paiable group of patients wnth bacteiemia except that the nonbactei einic 
patients were moie likely to have lenal insufficiency as an outstanding 
feature of then illness A significant parallel w'as diawn betw^een the 
endocarditis m horses wdnch have been immunized against pneumococci 
and the bacteiial endocarditis of patients wdiose blood is sterile on 
cultuie The high antibody titei m the hoise blood favois the locali- 
zation of bacteria but at the same time destio}s bacteiia leleased into 
the blood stream Keefei has piesented presumptive evidence that an 
analogous condition obtains m man 

Gross and Fiied®® have desciibed the macioscopic and micioscopic 
appearance of the heart m 42 cases of subacute bacterial endocaiditis 
and m 28 cases of acute bacteiial endocaiditis Sevent 3 ^-five pei cent 

58 Barnacle, C H , Ewalt, J R, and Ebaugh, F G Artificial Fever Treat- 
ment of Chorea A Two Year Study, JAMA 109 111 (July 10) 1937 

59 Kendell, H W , and Simpson, W M Artificial Fever Therapy of Syden- 
ham’s Chorea, Ohio State M J 33 1097, 1937 

60 Levj", R L, and Golden, R Roentgen Therapy of Active Rheumatic 
Heart Disease A Summary of Eleven Years’ Experience, Am J M Sc 194 597, 
1937 

61 Keefer, C S Subacute Bacterial Endocarditis Active Cases Without 
Bacteremia, Ann Int Med 11 714, 1937 

62 Gross, L , and Fried, B M The Role Played by Rheumatic Fever in the 
Implantation of Bacterial Endocarditis, Am J Path 13 769, 1937 
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of the heaits had been the seat of a iheumatic piocess, and Aschoft 
bodies were encounteied in approximately 30 per cent Reasons have 
been given which indicate that activity of a iheumatic infection is not 
a necessary precursor to the development of bacteiial endocaiditis , 
much inoie important are the foimation of eosinophilic neciosis of the 
valvular closure line and the thrombotic, prohfeiative and neciotic 
changes at these sites It did not appear to the authois that the vascu- 
larization occuiring in rheumatic valves plays an appreciable lole in 
the implantation of bacterial endocaiditis 

Chestei has lepoited a case that is of unusual inteiest because it 
is the first lecorded instance of apparent recoveiy fiom subacute bac- 
terial endocarditis of a patient with patenc}'’ of the ductus aiteiiosus 

ARTERIAL HYPERTENSION 

Pathogenesis — It has been shown repeatedly that renal ischemia, 
produced by constiicting the mam renal arteries, as suggested by Gold- 
blatt, will cause arteiial hypertension Experimental constriction of one 
renal artery results in temporary hypertension, and constriction of both 
results apparently in permanent hypertension The amount of constric- 
tion determines the degree of hypertension Thus slight constriction 
generally results in a benign form, usually without evidence of renal 
impairment, moderate or severe constriction results m a malignant 
form, with much renal impairment, and complete occlusion causes little 
or no rise m blood pressure Many other methods which reduce the 
renal function and which have been recently tried do not result m a 
permanent increase m blood pressure Constriction of splenic and of 
femoral vessels has no effect on blood pressure 

The exact mechanism whereby the kidney produces the rise in blood 
piessure m expeiimental h}'pertension is still unsolved, although it is 
the immediate result of the narrowing of the arterioles, the blood 
volume, blood viscosity and cardiac output remain normal The problem 
thus appears to be the same as it is m essential hypertension It was 
at first thought that the nervous system might play an essential role, 
with the reflex stimulation coming from the ischemic kidney However, 
this does not seem likely,®® since denervation of the kidneys, section of 

63 Chester, W Patent Ductus Botalh with Subacute Bacterial Endocarditis 
and Recover 3 ’^, Am Heart J 13 492, 1937 

64 Scarff, R W, and McGeorge, M Experimental Renal Lesions and Blood 
Pressure in Rabbits, Brit J Exper Path 18 59, 1937 Konzett, H, and Unna, 
K Die Blutdruckanderungen nach Ausschalten von Nierenarterien an Hunden, 
Arch f exper Path u Pharmakol 186 694, 1937 

65 Goldblatt, H , Gross, J , and Hanzel, R F Studies on Experimental 
H}'pertension II The Effect of Resection of Splanchnic Nerves on Experimental 
Renal Hypertension, J Exper 3Med 65*233, 1937 Goldblatt, H Studies on 
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the antenoi nerve loots, total sympathectomy and denervation of the 
heart combined with total sympathectomy do not abolish the hyper- 
tension Fuithermoie, it has been shown®® that constriction of the 
arteiy of a tiansplanted kidney, free fiom any possible neivous connec- 
tions, leads to an increase in blood pressuie 

The results of Goldblatt’s ®’' lecent experiments, vliich were given 
in a preliminary repoit, suggested that the mechanism of this type of 
hypertension is primal ily humoral and of renal origin Thus, varying 
degrees of constriction of both mam renal aiteries aie followed by 
h)''pertension while bilateial nephiectomy is not This difteience has 
been attributed to the absence of a h3'pothetic effective substance when 
the kidneys aie absent The constiiction or occlusion of both renal 
aiteiies, when accompanied by occlusion of the renal veins, is not fol- 
lowed b}'^ the development of h)'pertension This has been mterpieted 
as being due to mteiference with the entrance of the hypothetic effective 
substance into the circulation When hypertension is produced by con- 
striction of one or both renal arteries, lelease of the constriction is fol- 
lowed, m a greatei oi lesser time, by leturn of the pressure to normal 
Excision of the ischemic kidne}'' at the height of the hypertension which 
follows constiiction of one main renal aitery is also followed b}’- piompt 
retuin of the blood piessuie to noimal It is interesting that Houssay, 
on the basis of ti ansplantation of “ischemic kidneys,” also concluded 
that the ischemic kidney secretes substances that cause permanent 
arteiial hypertension 

Goldblatt ®’’ has also earned out various experiments on the effect 
of partial and complete adrenalectomy, with and without supportive and 
substitution therapy, which have indicated that the adrenal cortex, but 
not the medulla, may play a significant role m this type of hypertension 
The manner in which the adienal coitex acts in this regard is as yet 

Experimental Hypertension III The Production of Persistent Hypertension in 
Monkeys (Macaque) by Renal Ischemia, ibid 65 671, 1937 Goldblatt, H, and 
Wartman, W B Studies on Experimental Hypertension VI The Effect of 
Section of Anterior Spinal Nerve Roots on Experimental Hypertension Due to 
Renal Ischemia, ibid 66 527, 1937 Freeman, N E , and Page, I H Hyper- 
tension Produced by Constriction of the Renal Arter 3 ’- m SiTOpathectomized Dogs, 
Am Heart J 14 405, 1937 Dicker, E Recherches sur la pathogenie de I’hyper- 
tension H Une lesion renale peut determiner une elevation de la pression 
sanguine, Acta med Scandinav 93 265, 1937 

66 Blalock, A, and Levy, S E Studies on the Etiology of Renal Hyper- 
tension, Ann Surg 106 826, 1937 Glenn, F , Child, C G , and Heuer, G J 
Production of Hypertension by Constricting the Artery of a Single Transplanted 
Kidney Experimental Investigation, ibid 106 848, 1937 

67 Goldblatt, H Studies on Experimental H 3 'pertension V The Patho- 
genesis of Experimental Hypertension Due to Renal Ischemia, Ann Int Med 
11 69, 1937 
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unknown, it may prepaie the arteiiolar musculature for the action of 
the hypothetic renal substance, or the reveise may be the case 

Page and Sweet produced hypertension m dogs by means of Gold- 
blatt’s clamp and then removed the hypophysis This reduced the 
arterial pressure to levels slightly above normal If then, the constric- 
tion of the lenal aiteries was increased, a transient use m pressure 
lesulted, a use in pressure also lesulted if the dogs were fed thyroid 
It was concluded that the effect of hypophysectomy on hypei tensive 
dogs IS indiiect and probably associated with a lack of secretion from 
the adrenal and thyioid glands 

Wollheim has found a depressor substance m the urine of normal 
men and horses which differs from other depressoi substances previ- 
ously described It is absent or piesent only in small amounts in the 
mine of patients with essential h 3 ^pertension or with hypei tension due 
to renal disease 

Two excellent papers have appeared on hypertension associated 
with benign chiomaffin cell tumors A faiily definite clinical pictuie is 
usually obseivable in these cases 

Longcope has described his studies of 22 cases of chronic bilateral 
pyelonephritis The clinical features of this disease, during its various 
stages, have been presented in some detail Arterial hypertension was 
piesent in 10 of 15 patients who were observed during the terminal 
stages of the disease The hypertension was not associated with pro- 
nounced or extensive aiteriosclerosis m 9 fatal cases in which autopsy 
was performed It was concluded that the explanation for the hyper- 
tension of pyelonephritis, occurring particularly dining the latter stages 
of renal contraction, is not clear 

Butler has reported his obseivations on children with chronic 
pyelonephritis and arterial hypertension The blood pressure of 1 of 
the patients with unilateial pyelonephritis and hypertension returned 
to normal after removal of the infected kidney 

68 Page, I H , and Sweet, J E The Effect of Hypoph 3 '’sectomy on Arterial 
Blood Pressure of Dogs with Experimental Hypertension, Am J Physiol 120 238, 
1937 

69 Wollheim, E Eine neue korpereigene blutdrucksenkende Substanz und 
ihre Bedeutung fur die essentielle Hypertonie, Acta med Scandmav 9 1, 1937 

70 Howard, J E, and Barker, W H Paroxysmal Hypertension and Other 
Clinical Manifestations Associated with Benign Chromaffin Cell Tumors (Phaeo- 
chromocytomata). Bull Johns Hopkins Hosp 61 371, 1937 Edward, D G F 
Phaeochromocytomata and Hypertension, with Details of a Case, J Path & Bact 
45 391, 1937 

71 Longcope, W T Chronic Bilateral Pyelonephritis Its Origin and Its 
Association with Hypertension, Ann Int Med 11 149, 1937 

72 Butler, A M Chronic P 3 "elonephritis and Arterial Hypertension, J Qin 
Iinestigation 16 889, 1937 
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Liston^® has lepoited inteiesting obseivations on 15 patients with 
food alleigy in whom the ingestion of the offending foods caused a use 
111 blood piessure Cuie is effected simpl}’- by dietary legulation 

Shattuck has measmed the blood pressuie of oiei 400 puie Indian 
and Spamsh-Indian natives of Guatemala The systolic piessure aver- 
aged about 10 mm lowei than that of Noith Amei leans living in the 
United States Caieful consideiation of many factors suggested that 
the factois lesponsible for the lowei systolic piessuie of Guatemalans 
aie racial chaiacteiistics, the slow tempo of life and a possibly deficient 
diet The diastolic piessure of Guatemalans is neaier the standaid for 
Americans m the United States than is the S3'stolic piessuie 

Hines has consideied the heieditaiy factoi in essential hypei- 
tension He found that a famil)'^ history of h}pei tensive cardiovascular 
disease is five times as frequent among persons who ha\ e hypertension 
or who aie hyperi eactors to a standaid stimulus test (cold pressor test) 
as it IS among persons who leact normally to the test In the study 
of twins and family gioups he found that the t}pe of reaction of the 
blood piessure to the test followed an inheiited pattern Because hyper- 
1 eactors were not found who did not have at least one paient who had 
hypei tension or was a hypei i eactoi , he concluded that it is probable 
that the trait is inheiited as a dominant characteristic and that the 
hereditary factor pla3^s an important lole in the development of essen- 
tial hypertension 

Signs and Symptoms — Two papeis"® have appealed on the electio- 
cardiogram with a chest lead in cases of arterial hypertension The 
various abnoimahties were described, and it was concluded that chest 
leads aie often of value 

Holden"^ found no evidence of a i elation between blood piessuie 
and cholesterol saturation of the plasma in a series which included 
patients with malignant h3'pei tension, benign h3rpei tension and chronic 
hemorrhagic nephritis The plasma in all cases was appi oximately 
saturated with regard to free cholesterol, and the suggestion that super- 
saturation ma3’’ exist was not substantiated 

73 Liston, O Hypertension Caused by Food Allergj', J Missouri M A 
34 199, 1937 

74 Shattuck, G C The Possible Significance of Low Blood Pressures 
Observed in Guatemalans and in Yucatecans, Am J Trop Med 17 513, 1937 

75 Hines, E A The Hereditary Factor m Essential Hypertension, Ann Int 
Med 11 593, 1937 

76 van Nieuwenhuizen, C I C , and Hartog, HAT The Electrocardiogram 
in Hypertension, with Especial Reference to Lead IV, Am Heart J 13 308, 1937 
Roth, I R Chest Lead Tracings in Arterial Hypertension with Cardiac Enlarge- 
ment, ibid 14 155, 1937 

77 Holden, R F , Jr Plasma Cholesterol Saturation in Patients with Hyper- 
tension, with a Note on Preparation of Glass Filters for Micro-Filtration of 
Cholesterol Digitonide, J Clin Investigation 16 763, 1937 
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Appel ly and Caiy have shown that the increased chloride content 
of the blood of patients with aiterial hypei tension is wholly confined to 
the red blood cells 

Tieatment — The results of various opeiative piocedures used m the 
tieatment of aiteiial hypertension aie, on the whole, not eiicoui aging 

Page and Pleuei have found that lesection of splanchnic nerves, 
with inteiiuption of the thoracic sympathetic chain, lesulted in only a 
tempoiaiy fall of blood pressure m 9 cases Subjective improvement 
occuired in 6, but in 3 of these the improvement lasted only a year 
Renal efficiency was unaffected by the procedure The same authors 
leported their results in the treatment of 17 hypertensive patients by 
section of the anteiior roots of the sixth dorsal to the second lumbar 
spinal neives Six patients had benign and 5 had malignant hyper- 
tension, the remaining 6 were young women with signs and symp- 
toms of the “hypertensive diencephalic syndrome” Varying degrees of 
improvement occurred in all patients save 2 of the 5 with malignant 
hypei tension The favorable i espouses included a marked prolonged 
loweiing of the aiterial piessure, the remission of such symptoms as 
headache, pressure in the head and eas}'’ fatigability, and marked 
improvement in the disposition There was a definite tendency for a 
slow rise m pressuie to occur over a period of two and one-half years 
in most but not all the patients Renal efficiency remained unchanged, 
despite the partial denervation of the kidneys which resulted from the 
operation or fiom the fall m blood pressure 

Freyberg and Peet®^ have presented a repoit of interesting effects 
of splanchnicectomy on changes m the blood pressure and their rela- 
tion to renal function It is evident from their data that this procedure 
performed on patients with primary hypertension and normal renal 
function does not harm the kidneys or interfeie with their functional 
efficiency What is more important is that when hypertension is greatly 
relieved by splanchnicectomy, renal function that has previously been 
impaired improves and may even return to normal This improvement 
has been declared both by an increase in concentrating ability and by 
an increase in urea clearance It was concluded that the impairment of 

78 Apperl}', F L , and Cary, M K Arterjal H 3 ^pertension The Site and 
Significance of the High Chloride Content of the Blood, Am J M Sc 194 352, 
1937 

79 Page, I H , and Heuer, G J The Effect of Splanchnic Nerve Resection 
on Patients Suffering from Hypertension, Am J M Sc 193 820, 1937 

80 Page, I H , and Heuer, G J Treatment of Essential and Malignant 
Hypertension by Section of Anterior Nerve Roots, Arch Int Med 59 245 (Feb ) 
1937 

81 Freyberg, R H , and Peet, M M The Effect on the Kidney of Bilateral 
Splanchnicectomy in Patients with Hypertension, J Clin Investigation 16 49, 1937 
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lenal function is caused by vasculai constiiction and that if this con- 
stiiction IS lelieved by splanchnicectomy, lenal activity is benefited 

Othei papers have also appeal ed dealing with various operative 
pioceduies or then complications iii the tieatment of hypei tension 
Fiom a leview of all these studies it seems safe to conclude that section 
of the anteiior neive loots has given the best therapeutic results, 
although It IS a serious opeiation, that paitial iemo\al of the noimal 
adienal glands is unsatisfactoiy and that improvement following the 
section of vaiious neives ma}'- be due to impioved ciiculation through 
the kidneys as well as, oi rathei than, to simple deneivation of a large 
vasculai area We believe, however, that theie have not been adequate 
contiol studies, convalescence after any opeiation of couise has a salu- 
tary effect on patients with hypertension 

Reports on vaiious medical methods of ti eating hypei tension have 
appeared, including salt restriction,®® thiocyanate therapy,®'* the “class 
method”®® and the effect of deep bieathing®® All have indicated at 
least some degiee of success 

HEART DISEASE DEE TO CORONARY ARTERIOSCLEROSIS 

Glendy, Levine and White ®' have made an interesting study of 
coionary disease in youth, including a comparison of 100 patients with 
this disease under 40 yeais of age with 300 healthy persons past 80 
years of age Of the 100 young patients, the diagnosis of coionar} 

82 Hermann, H , and Sabadini, L La resection des nerfs splanchniques est- 
elle l%itime comme traitement de I’hypertension arterielle essentielle permanente? 
Presse med 45 41, 1937 Allen, E V , and Adson, A W The Physiological 
Effects of Extensne Sympathectomy for Essential Hypertension, Am Heart J 
14 415, 1937 Craig, W M , and Adson, A W Rationale of Surgical Treat- 
ment of Hypertension, S Clin North America 17 1063, 1937 Donzelot, E , and 
Menetrel, B La surrenalectomie dans les hypertensions arterielles. Arch d mal 
du coeur 30 553, 1937 Lowenstein, W, and Weissmann, A Zur Frage der 
Nierenstielentnervung bei der Hypertension, Wien med Wchnschr 87 675, 1937 
Leriche, R Des douleurs provoquees par I’excitation du bout central des grands 
splanchniques (douleurs cardiaques, douleurs pulmonaires) au cours des splanch- 
nicotomies, Presse med 45 971, 1937 

83 Steffen, H L Zur Behandlung Kranker mit erhohtem Blutdruck durch 
Kochsalzentzug, Deutsche med Wchnschr 63 90, 1937 

84 Griffith, J Q, Jr, and Lindauer, M A Thiocyanate Therapy in Hyper- 
tension, Including a New Method for Determining Blood Thiocyanates, Am Heart 
J 14 710, 1937 

85 Buck, R W The Qass Method in the Treatment of Essential Hjper- 
tension, Ann Int Med 11 514, 1937 

86 Tirala, L G Die Wirkung des Tiefatmens auf den Blutdruck, Deutsche 
med Wchnschr 63 92, 1937 

87 Glendy, R E , Levine, S A , and White, P D Coronary Disease in 
Youth Comparison of One Hundred Patients Under Forty with Three Hundred 
Persons Past Eight 3 % JAMA 109 1775 (Nov 27) 1937 
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thiombosis was established clinically in 78, 70 had angina pectoiis and 
49 had both conditions One patient had neithei angina pectoiis nor 
clinically evident coronar}’- thiombosis but showed electrocai diographic 
evidence of serious coionary disease The ratio of men to women was 
24 1 Hypertension was found to be less common than in persons of 
all ages with coronary disease but was piesent in 3 of the 4 women 
in the group The size of the heart was noimal in over half the young 
patients, and, in general, the electiocaidiogiaphic observations weie 
much the same as those for older patients The prognosis of coronary 
disease in patients under 40 is considerably better than that in oldei 
patients, but much the same uncertainty exists 

Their summary of the prominent difteiences as to mode of life 
between the 100 young patients with coronary disease and the 300 
healthy persons ovei 80 years of age was as follows 

Relatively far more (90 per cent) of the old folks than of the young group 
with coronary disease were of British stock, but here selection and other factors, 
such as time of immigration, may well enter There were no persons of Jewish 
extraction in the older group, whereas 39 per cent of the young group weie 
Jewish Long-lived ancestors were more common to the aged group However, 
it is of interest that the fathers of the younger group who died outlived the 
mothers by an average of five years This relationship is usually reversed by 
several years The majority of the old group have resided in small towns, villages 
or the country, in contrast to the young group, whose residence has been almost 
wholly urban The younger group consisted largely of business or professional 
men Among the old folks the occupations requiring physical activity were more 
common A large number of the old group had exercised considerably to well 
beyond middle life The young group were for the most part sedentary in habit 
and exercised very little 

The older group claimed to have eaten more moderately and perhaps more 
sparingly of such cholesterol-containing foods as milk and eggs Tobacco was 
used in greater quantity and by a greater number in the young group, the incidence 
of smokers being 93 per cent, which exceeds even the high incidence in the general 
population The use of alcohol differs less widely for the two groups There 
were slightly more total abstainers in the old group and few heavy drinkers in 
either group With rare exceptions a history of serious infections (e g, smallpox, 
typhoid fever and malaria) was much more common in the older group A greater 
proportion of the older group were exemplary in their sleeping habits, and fewer 
of them were constipated Nearly 70 per cent of the joung group were robust 
in build or distinctly fat, whereas S3 per cent of the old folks were of average 
build or had been thin and lean for most of their lives Nenous sensitivit}" and 
strain were frequentlj'- encountered in the young group but practically negligible 
in the older group 

Davis and Blumgart studied the relation of cardiac li} pertropliy 
to coronary aiteiioscleiosis and congestive heart failure They found 

88 Davis, D , and Blumgart, H L Cardiac Hj pertrophy Its Relation to 
Coronary Arteriosclerosis and Congestive Heart Failure, Ann Int Med 11 1024 
1937 



832 


ARCHIVES OF INTERNAL MEDICINE 


that in patients with the lesser degrees of coronal y aiteiioscleiosis the 
heart undeigoes little oi no hypertrophy, while with more serious 
involvement a slight or moderate degiee of hypei trophy is seen When, 
in addition to coronal y ai tenosclerosis, the factoi of congestive failure 
IS added, the lesultmg caidiac hypei tiophy is usually marked, the 
degree of cardiac hypei trophy seemed geneially propoitional to the 
seventy and duration of congestive failure They concluded that these 
lesults support the “injuiy theory” of the causation of cardiac hyper- 
trophy rather than the widely held “work hypertiophy theoi)'^” 

Snellen and Nauta have emphasized that m the loutine examination 
of the thorax loentgenogiaphically it is often possible to detect calcifi- 
cation of the coronary arteries when this is present It may well be 
that this method of diagnosing coronal y ai tenosclerosis will find wider 
application than it has thus far 

Gross and his associates found that ligation of the coionaiy sinus 
in dogs was followed by considerable dilatation and widening of existing 
vasculai channels on the surface of the heait and a conspicuous inciease 
m the extent of the vascular bed Subsequent occlusion of the left 
descending coionary bianch was not followed by mfaiction m the 
majority of instances It was furthei shown that partial occlusion of 
the coionary sinus, which is associated with a low operative moitality, 
appeals to lower the mortality rate following sudden occlusion of the left 
anterior descending branch and to dimmish the extent of the infarction 
The possibility of applying this procedure to man was mentioned 

Blumgart and his co-woikers have lepoited then experiments 
designed to leain whether temporal y interruption of the blood supply 
to a portion of the heart results m persistent electi ocardiographic oi 
anatomic changes Electrocardiographic changes weie found to peisist 
during the entire postoperative peiiod (one to nine days) in all animals 
in which occlusion was maintained foi from fifteen to foity minutes 
When the peiiod of occlusion rvas ten minutes or less, the electro- 
cardiographic changes peisisted m only 1 instance Postmortem exami- 
nations did not reveal gross or histologic evidence of caidiac mfaiction 
m any instance The clinical counterpart of these tests is suggested by 

89 Snellen, H A , and Nauta, J H Zur Rontgendiagnostik der Koro- 
narverkalkungen, Fortschr a d Geb d Rontgenstrahlen 56 277, 1937 

90 Gross, L , Blum, L , and Silverman, G Experimental Attempts to Increase 
the Blood Supply to the Dog’s Heart by Means of Coronary Sinus Occlusion, 
J Exper Med 65 91, 1937 

91 Blumgart, H L , Hoff, H E , Landowne, M , and Schlesmger M J 
Experimental Studies on the Effect of Temporary Occlusion of Coronary Arteries 
in Producing Persistent Electrocardiographic Changes, Am J M Sc 194 493, 
1937 
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those patients with angina pectoris who show peisistent electi ocai clio- 
graphic abnormalities and for ^^hom postmoitem examination reveals 
neither coronary occlusion nor m3mcardial infarction 

Whitten has stated that the use of a midaxillary or lateral thoiacic 
lead of the electrocardiogram in some cases appeals to shou earliei 
and to a more marked degiee than the limb leads the electrocai dio- 
graphic changes characteristic of infarction of the t}pe In not a 
single case did inversion of or T2 or significant depression or eleva- 
tion of RS-Ti or RS-To occur m the midaxillary lead unless there 
was definite reason to suspect cardiac damage, furtheimore, m eveiy 
instance of inversion of in the limb lead this degree of inversion 
was equaled or exceeded in the midaxillary lead In the Tg type of 
infarction, whether or not it is combined with the type, the limb 
lead provides a better record than the midaxillary lead 

Master, Dack and Jaffe,'’^ and Kerr,®"^ among others, have discussed 
various types of cardiac arrhytlimia observed m cases of coionary 
thiombosis Of the various arrhythmias, heart block alone appears to 
be associated with a specific anatomic lesion in the heart, namely, 
infarction of the posterior wall due to occlusion of the right coronal y 
artery Airhythmia provoked by acute arterial occlusion is often 
ephemeral and remits spontaneously 

Wolferth has written an excellent aiticle which adequately 
expresses the present day clinical concepts of acute coronary occlusion 
Master, Dack and Jaffe®® have contributed an important study on 
factors and events associated with the onset of coronary thrombosis 
The reasonable conclusion was reached that no known specific factor 
precipitates this thrombosis Feil,®^ and Sampson and Ehaser have 
emphasized the importance and have described the characteristics of 
attacks of precordial pain which may represent a precursory phe- 
nomenon of characteristic acute coionary occlusion 

92 Whitten, M B Midaxillary Leads of the Electrocardiogram in Myocardial 
Infarction, Am Heart J 13 701, 1937 

93 Alaster, A M , Dack, S , and Jaffe, H L Disturbances of Rate and 
Rhythm m Acute Coronary Artery Thrombosis, Ann Int Med 11 735, 1937 

94 Kerr, J D O Heart Block in Coronarj^ Thrombosis, Lancet 2 1066, 1937 

95 Wolferth, C C Present Concepts of Acute Coronarj-^ Occlusion, J A 
M A 109 1769 (Nov 27) 1937 

96 Master, A M , Dack, S , and Jaffe, H L Factors and Ei ents Asso- 
ciated with Onset of Coronary Artery Thrombosis, JAMA 109 546 (Aug 21) 
1937 

97 Fell, H Preliminary Pain in Coronary Thrombosis, Am J M Sc 
193 42, 1937 

98 Sampson, J J , and Ehaser, M The Diagnosis of Impending Acute 
Coronary Artery Occlusion, Am Heart J 13 675, 1937 
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Blumei,°® and Giavier and Ins associates have commented on the 
impoitance of embolism as a complication of caidiac infarction Intra- 
cardiac thrombi aie present in about 50 per cent of the cases, and 
clinically recognizable embolic phenomena occui in about 14 pei cent 
Embolism is most likely to occur during the first ten days following 
cardiac infaiction Protracted rest and the avoidance of the use of 
digitalis, unless specially indicated, aie impoitant 

Palmer studied the prognosis, size of the heart and changes in 
the blood pressure following coronary thrombosis He found that 
hypertensive patients have a somewhat moie favorable outlook than 
nonhypei tensive patients but that changes in the blood piessure and 
the height of the blood piessure after recover}' fiom coronary thiom- 
bosis are of little significance Cardiac enlargement is a most impoitant 
factoi 111 causing restriction of activity, and the pi ognosis foi the patient 
with an enlaiged heart and with congestive failme is slightly less 
favoiable He concluded that hypei tension is by far the most impoi- 
tant factoi causing caidiac enlaigement after coionar}' thrombosis 
This is not in full agieement with the pieviousl} mentioned conclusion 
of Davis and Blumgai t 

Angina Pecfous — There have been a numbei of worth while 
ai tides on vaiious aspects of coronaiy heait disease and angina pec- 
tons,^'’- but they will not be leviewed heie 

99 Blumer, G The Importance of Embolism as a Complication of Cardiac 
Infarction, Ann Int Med 11 499, 1937 

100 Gravier, L , Tourniaire, A , and Bourret, M Les embolies pulmonaires 
au cours de I’lnfarctus du mr^ocarde, L 3 'on med 160 357, 1937 

101 Palmer, J H The Prognosis Following Recovery from Coronarj 
Thrombosis, with Special Reference to the Influence of Hj'pertension and Cardiac 
Enlargement, Quart J Med 6 49, 1937, The Size of the Heart After Coronarr 
Thrombosis, Canad M A J 36 387, 1937, The Blood Pressure in the Years 
Following Recoiery from Coronary Thrombosis, Lancet 1 741, 1937 

102 Bourne, G , Scott, R B, and Wittkower, E The Psj chological Factor 

in Cardiac Pain, Lancet 2 609, 1937 Wittkower, E The Psychological Factor 
in Cardiac Pam, ibid 2 665, 1937 Bourne, G Angina Innocens Clinical 

Study, Brit M J 1 695, 1937 White, P D The Criteria for the Diagnosis 
of Coronary Disease, New England J Med 217 783, 1937 Riseman, J E F, 
and Brown, M G An Analysis of the Diagnostic Criteria of Angina Pectoris, 
Am Heart J 14 331, 1937 Stalker, H Angina Pectoris and Pernicious Anemia 
(Old Terminology) A Resume of the Literature, with a Case Report, Ann Int 
Med 10 1172, 1937 Burnett, C T Pam and Pain Equivalents in Heart Disease, 
ibid 10 1156, 1937 Boas, E P , and Levy, H Extracardiac Determinants of 
the Site and Radiation of Pam in Angina Pectoris, with Special Reference to 
Shoulder Pain, Am Heart J 14 540, 1937 Seymour, W B , and Liebow, A A 
“Abdominal Intermittent Claudication” and Narrowing of the Celiac and Mesen- 
teric Arteries, Ann Int Med 10 1033, 1937 
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The outstanding recent development in the tieatment of angina 
pectoris concerns the possibility of substantially inci easing the collateial 
coronary circulation by surgical means 

Beck’s operation consists principally of giaftmg vasculaiized fat and 
muscle on to the heait and sometimes placing powdeied beef bone on 
the surface of the heart to produce a low grade inflammatory leaction 
Thus fai 25 patients with advanced coronaiy disease and angina pectoris 
have been operated on Of these, 16 aie living and 9 aie dead, 8 of the 
deaths occuiied within one week of the opeiation Thiiteen patients 
have been obsei ved foi five months or longei aftei the opei ation , 3 have 
improved greatly, 9 moderately and 1 slightl}'’ The beneficial effect 
of the opeiation may be explained by an actual inciease in aiterial 
blood flow to the myocaidium and a redistiibution of blood that passes 
through the coronary arteries The latter is brought about by opening 
up mtei coronary communications by means of trauma, grafts and pow- 
dered bone placed on the surface of the heait Beck concluded that 
the piocedure is scientifically sound and that the lesults so far are 
encouraging Although lecogmzing the mteiest and impoitance of this 
operative treatment, we wish to emphasize the natuial tendency of 
spontaneous adjustment of the coionary ciiculation in many instances 
with no especial treatment at all 

O’Shaughnessy has performed cardio-omentopexy on 5 patients 
with coronary heait disease This operation consists in opening the 
chest by making an incision along the fifth intercostal space, incising 
the diaphragm and bringing a suitable poition of omentum into the 
thoracic cavity The pei icai dium is incised, and the omentum is attached 
to the surface of the heart and to the edges of the pericaidium Six 
patients have submitted to this opeiation, 4 are much improved and 
2 have died The 2 deaths weie not the lesult of operation but due to 
hemorrhage from a duodenal ulcer m one instance and uiemia in the 
othei The results aie encouraging indeed 

Love,^°'* and Willius and Diy^®® have reported then lesults of the 
tieatment of angina pectoiis with tiichloi ethylene Although the lesults 
weie disappointing, it was suggested that this diug wan ants a trial 
when the usual theiapeutic agents fail to give relief 

103 Fell, H , and Beck, C S The Treatment of Coronary Sclerosis and 
Angina Pectoris by Producing a New Blood Supply to the Heart, JAMA 
109 1781 (Nov 27) 1937 Mautz, F R, and Beck, C S The Augmentation of 
Collateral Coronary Circulation by Operation, J Thoracic Surg 7 113, 1937 

104 O’Shaughness}’', L Surgical Treatment of Cardiac Ischaemia, Lancet 
1 185, 1937 

105 Love, W S , Jr The Effectiveness of Trichloreth 3 dene in Preventing 
Attacks of Angina Pectoris, Ann Int Med 10 1187, 1937 

106 Willius, F A , and Dry, T J Results from Tnchlorethjdene Inhalations 
in the Anginal S 5 mdrome of Coronary Sclerosis, Am Heart J 14 659, 1937 
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Gold and his associates^'’” studied the eftect of theobiomiue and 
aminoph}dhne on caidiac pain in a gioup of 100 patients -with angina 
pectoris Great caie was taken to insuie valid lesults, including the 
use of the so-called blind test and the alternate use of placebos and 
the xanthines Then results showed that patients with cardiac pain are 
unable to distinguish between the effects of theobi online oi ainino- 
phylhne and those of a placebo It was concluded, therefoie, that the 
xanthines exeit no specific action which is useful in the routine treat- 
ment of caidiac pain Laubi}^ Souhe and Laubr}^ siinilaily con- 
cluded that theophylline with ethylenediainine is of small value m the 
treatment of chronic coronal y disorders 

Brown and Riseman,’-®® however, concluded that definite impiove- 
ment occurs m some patients with angina pectoris aftei the use of 
xanthines By theiapeutic test it was shown that the optimum dosage 
IS usually the maximum amount that can be given without causing 
seveie gastric distress and that the sodium acetate derivatnes of theo- 
phylline and theobromine are the most efiectne pi epai ations , the latter 
IS much less expensive 

In connection with the foregoing observations concerning the eftect 
of aminophylhne m coronary disease, it is our clinical impiession that 
patients who have advanced be}ond the simple stage of angina pectoris 
to the state of myocardial weakness are most benefited by the diug 
The benefit from the drug in such cases may be due m part to its 
diuretic effect and its stimulation of lespiration 

MISCELLANEOUS CARDIAC DISORDERS 

The Heait m Nufutwnal Deficiency States — For many yeais it has 
been known that caidiac enlargement and congestive failuie may occur 
m beiiben Recently Wenckebach and his associate Aalsmeer have 
gieatly extended the knowledge of a group of distui bailees of cardiac 
muscle in deficiency diseases, especially beiiberi During the past year 
several articles have appeared on this subject, the most notable being 
the contributions of Weiss and Wilkins 

107 Gold, H , Kwit, N T , and Otto, H The Xanthines (Theobromine 
and Aminophylhne) in the Treatment of Cardiac Pain, JAMA 108 2173 
(June 26) 1937 

108 Laubry, C , Souhe, P , and Laubry, P Action de la theophylline 
ethylene-diamine sur la circulation coronarienne, Arch d mal du coeur 30 256, 1937 

109 Brown, M G , and Riseman, J E F The Comparative Value of Purine 
Derivatives in the Treatment of Angina Pectoris, JAMA 109 256 (July 24) 
1937 

110 Weiss, S , and Wilkins, R W The Nature of the Cardiovascular Dis- 
turbances in Nutritional Deficiency States (Beriberi), Ann Int Med 11 104, 1937, 
Disturbances of the Cardiovascular System in Nutritional Deficiency, JAMA 
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These last named authors have shown that dysfunction of the caidio- 
vascular system lesulting fiom avitaminosis may occur m the United 
States and that in some lespects the clinical pictuie resembles that of 
the classic “beriberi heart” observed in the Oiient Vitamin B deficiency 
plays the pi unary lole in the pi ecipitation of the disease In the majority 
of cases there is moderate dilatation of the right ventricle, although the 
weight of the heart is not increased The histologic changes m the myo- 
cardium include “hydropic” degeneration of the muscle and conductive 
fibeis and increase m the mtercellulai substances, but the water content 
IS unalteied The signs and sjunptoms of the disorder do not foim a 
rigid clinical syndrome, failuie of the right or of the left ventiicle, 
peripheral ciiculatory collapse and shock, singly oi in combination, 
have been observed The venous pressure is usually high, the aiterial 
pressures normal and the blood velocity increased The electrocaidio- 
grams in the great majority of cases reveal some abnoimahty Digitalis 
is of no value, but vitamin B is a specific cure These patients are seen 
mostly 111 the waids foi alcoholic addicts of the large city hospitals and 
rarely in the other wards or in private practice 

The Heait After Diphtheua — Thompson, Golden and White 
carefully studied 100 persons who had had severe or moderately seveie 
diphtheua fifteen to twenty years pieviously No clear instance of 
auriculoventiicular or intraventricular block was found, and it was 
concluded that while there aie acceptable cases of the development of 
disturbed conduction during the course of diphtheria and that in rare 
cases the disturbance persists permanently, there is as yet no proof 
that it may develop seveial years after the illness 

Blastomycosis of the Heai t — Baker and Brian have desci ibed 2 
cases of generalized blastomycosis with cardiac involvement No char- 
acteristic signs or symptoms of heart disease were discovered 

Cai diac Changes m Anemia Due to Hookwoi m — Porter has 

desci ibed certain physiologic adjustments to chronic anemia due to 
hookworm Of paiticular interest was the cardiac enlargement which 
was found in every case studied The data indicate that the change in 

109 786 (Sept 4) 1937 Porter, W B, and Higginbotham, U The Heart in 
Endemic Pellagra, South M J 30 1, 1937 Hashimoto, H Acute Pernicious 
Form of Beriberi and Its Treatment by Intravenous Administration of Vitamin B, 
With Especial Reference to Electrocardiographic Changes, Am Heart J 13 580, 
1937 

111 Thompson, W P , Golden, S E, and White, P D The Heart Fifteen 
to Twenty Years After Severe Diphtheria, Am Heart J 13 534, 1937 

112 Baker, R D , and Brian, E W Blastomycosis of the Heart Report 
of Two Cases, Am J Path 13 139, 1937 

113 Porter, W B Heart Changes and Physiologic Adjustment in Hookworm 
Anemia, Am Heart J 13 550, 1937 
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cardiac size was in a few cases due to leducible dilatation, in others 
to dilatation and hypeitiophy and m still otheis to definite hypei trophy 
iinassociated with leducible dilatation The primal y caidiac dilatation 
may be classed as a physiologic adjustment mechanism which dis- 
appeais when the anemia is lelieved, )^et if those factors which have 
necessitated the dilatation continue, theie occuis hypeitiophy of the 
myocardium which is not leducible and which is definitely pathologic 

Aiteiwvejwus Fistula — Poitei and Baker have studied in 4 
patients the significance of cardiac enlargement caused by arteriovenous 
fistula It was concluded that the increase in cardiac size is pnmaiily 
an adjustment dilatation and that there is little hypertiophy present 
This dilatation is not the result of decreased myocaidial nutrition 

Cai diac New osis — White and Glendy have emphasized the 
growing importance of cardiac neurosis occasioned by the large amount 
of pubhcit}^ accorded to heait disease The early lecognition and proper 
treatment in such cases may spare these subjects much time, money 
and suffering 

Tiaiima and Heait Disease — White and Glendy^’-® have written a 
comprehensive but concise report on trauma and heart disease The 
general principles of the subject have been discussed, followed by 
consideration of etiologic relations, stiuctural changes and functional 
derangements Illustrative cases have been piesented 

Aviation and Heai t Disease — Graybiel and his associates 
described some effects of asphyxiation in patients with cardiac disease 
Thirteen patients with heait disease and a like number of normal persons 
were subjected to an oxygen tension corresponding to an elevation of 
14,500 feet (4 5 kilometers) The most striking featuie of the test was 
the absence of complaint on the pait of any subject, despite the fact 
that 3 of the patients fainted and 4 others exhibited signs of circulatory 
embarrassment It was concluded that many patients with cardiac disease 
are endangered at high altitudes and that the untowaid effects observed 
may be due to the geneial unfitness which is so often associated with 
heait disease or due moie diiectly to embari assment of the heart itself 

114 Porter, W B, and Baker, J P The Significance of Cardiac Enlarge- 
ment Caused by Arteriovenous Fistula, Ann Int Med 11 370, 1937 

115 White, P D, and Glendy, R E The Growing Importance of Cardiac 
Neurosis, Ann Int Med 10 1624, 1937 

116 White, P D, and Glendy, R E, in Brahdv, L, and Kahn, S Trauma 
and Disease, Philadelphia, Lea & Febiger, 1937, p 24 

117 Graybiel, A , Missiuro, W , Dill, D B, and Edwards, H T Experi- 
mentally Induced Asphyxiation in Cardiac Patients with Special Reference to 
Certain Hazards in Air Travel and to the Use of Asphyxiation as a Cardiac 
Functional Test, J Aviation Med 8 3, 1937 
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HEART FAILURE AND ITS TREATMENT 

There have been a number of mteiestmg articles bearing on the 
geneial subject of heart failure which cannot be leviewed because of 
considerations of space Little advance has been made m regard to the 
treatment of congestive failure, although a few good reviews have 
appealed Two volumes giving good resumes of the subject of con- 
gestive failure appeared m 1937, a small one by East and the othei , 
a large volume by Fishbeig,^“° which treated the various aspects of the 
subject in consideiable detail 

Wood and his associate have used the term trepopnea to describe 
a phenomenon noted in ceitain cases of cardiac disease, namely, that 
the patient is comfortable in one lecumbent position and uncomfortable 
in another lecumbent position This is piobably due to a shift in posi- 
tion of the heart under the influence of giavity, which causes pressure 

118 Greene, J A , Paul, W D , and Feller, A E The Action of Theophyl- 
line with Ethylenediamine on Intrathecal and Venous Pressures m Cardiac Failure 
and on Bronchial Obstruction in Cardiac Failure and in Bronchial Asthma, J A 
Af A 109 1712 (Nov 20) 1937 Marais, O A S , and McAIichael, J Theophyl- 
line-Ethylenediamine in Cheyne-Stokes Respiration, Lancet 2 437, 1937 Cowan, 
J H Observations on Coramine, Am J M Sc 193 673, 1937 Heim de Balsac, 
R La theophylline ethylene-diamine (aminophylhne) dans la pratique cardio- 
vasculaire. Pans med 2 423, 1937 Thomson, WAR The Organic Mercurial 
Diuretics in the Treatment of Cardiac Oedema, Quart J Med 6 321, 1937 
Herrmann, G , and Decherd, G M , Jr Further Studies on the Mechanism of 
Diuresis, with Especial Reference to the Action of Some Newer Diuretics, J Lab 
& Clin Med 22 767, 1937 Smith, F M Treatment of Left Ventricular Fail- 
ure, JAMA 109 646 (Aug 28) 1937 Stroud, W D , and Vander Veer, 
J B A Six Year Study of the Clinical Efficacy of Various Digitalis Prepara- 
tions, ibid 109 1808 (Nov 27) 1937 Moldavsky, L F, and Visscher, M B 
The Energy Liberation at Constant Diastolic Fibre Length in the Tortoise Heart, 
with Particular Reference to the Effect of the Emptying Pressure, J Physiol 
91 23, 1937 Gibson, J G, Jr, and Evans, W A , Jr Clinical Studies of the 
Blood Volume III Changes in Blood Volume, Venous Pressure and Blood 
Velocity Rate in Chronic Congestive Heart Failure, J Clin Investigation 16 851, 
1937 Thelen, A Die venose Blutstauung im Herzmuskel, Virchows Arch f path 
Anat 300 243, 1937 Farber, S Studies on Pulmonary Edema I The Con- 
sequences of Bilateral Cervical Vagotomy in the Rabbit, II The Pathogenesis of 
Neuropathic Pulmonary Edema, J Exper Aled 66 397, 1937 Burns, W , and 
Cruickshank, E W H Changes in Creatine, Phosphagen and Adenylpyrophos- 
phate in Relation to Gaseous Aletabolism of the Heart, J Physiol 91 314, 1937 
Lewis, N D C Psychic Phenomena in Association with Cardiac Failure, Arch 
Neurol & Psychiat 37 782 (April) 1937 

119 East, T Failure of the Heart and Circulation, London, John Bale, 
Sons & Curnow, Ltd , 1937 

120 Fishberg, A AI Heart Failure, Philadelphia, Lea & Febiger, 1937 

121 Wood, F C, and Wolferth, C C The Tolerance of Certain Cardiac 
Patients for Various Recumbent Positions (Trepopnea), Am J AI Sc 193 354, 
1937 
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on ceitain mediastinal stiuctuies The symptoms which foice the 
patient to change position aie usuall3’- dyspnea, precordial pain and 
cough Most patients with tiepopnea piefei lying on the right side 
and dislike lying on the left, but otheis have difieient prefeiences 
In certain cases trepopnea is an etiologic factor in the production of 
paioxysmal nocturnal d3'spnea 

Schnitkei and Levine have sought to explain the postdiuietic 
symptoms occasionally obseived in digitalized patients The tianspoi- 
tation of a laige amount of fluid fiom the bod3’' cavities and interstitial 
spaces through the body to the kidne3’^s would expose the cardiovas- 
cular and nervous systems to the eftect of any digitalis contained in 
this fluid That such “redigitalization” is possible was shown b3’' the 
discovery that body fluids fiom digitalized patients usually contained a 
significant amount of digitalis It is conceivable that 0 5 Gm or moie 
of digitalis could be mobilized after marked diuresis — an amount which 
could piovoke such s3mptoms as headache, giddiness, weakness, nausea 
and even vomiting Fuither studies aie necessai3f to substantiate the 
idea of digitalis intoxication with diuresis 

Macrez,^^® in an excellent article, has leviewed the subject of the 
use of opiates for patients with heait disease Opiates have been out 
of favor seveial times m the past, the last time was shoitly aftei Chai- 
cot died of acute pulmonary edema which was tieated with moiphine 
At that time Huchard interdicted the use of morphine because of its 
supposedly depiessing action on the heart and kidneys Maciez, fiom 
the results of well authenticated animal and clinical ln^ estigations, has 
shown that opiates laiely have any untoward effect on the central nervous 
system, heart or kidne3^s but usually have a dec]dedl3^ salutary effect In 
regal d to the dangers of habituation he has emphasized the fact that 
opiates are seldom needed over long periods by patients with cardiac dis- 
ease save in terminal circumstances A list of cardiovascular diseases in 
which opiates are indicated includes all those in which pain or dyspnea 
are prominent symptoms The author concluded that there is scarcely 
a contraindication to their “lavish” use and that the risks are minimal 

The lesults^^^ of total thyroidectomy in the tieatment of heart dis- 
ease are not gratifying Apparently only a few patients with congestive 
failure are suitable for the operation Patients with angina pectoris 
may often obtain S3TOptomatic relief after total thyroidectomy, but a 
myxedematous state is not desirable and the opeiation cariies consider- 
able risk 

122 Schnitker, M A , and Levine, S A Presence of Digitalis in the Body 
Fluids of Digitalized Patients, Arch Int Med 60 240 (Aug ) 1937 

123 Macrez, C La morphine chez les cardiaques, Pans med 2 221, 1937 

124 Parsons, W H , and Purks, W K Total Thyroidectomy for Heart Dis- 
ease, Ann Surg 105 722, 1937 Claiborne, T S , and Hurxthal, L Results 
of Total Thyroidectomy in Heart Disease, New England J Med 216 411, 1937 
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Reprints of General Reviews — Requests have been received foi annual 
reprints of the general reviews which since 1935 have been published in the 
Archives of Internal Medicine on allergy, diseases of metabolism and nutri- 
tion, the liver and biliary tract, diseases of the heart, blood, Bright’s disease, 
infectious diseases, peripheral vascular diseases, gastroenterology, syphilis and 
neurops 3 xhiatr 3 ’- The type has been held, and if there is sufficient demand 
reprints of each year’s reviews will be prepared 

Edward N Gibbs Memorial Prize — It is announced by the New York 
Academy of Medicine, 2 East One Hundred and Third Street, New York, that 
a sum of approximately S1,000 is available under the Edward N Gibbs Memorial 
Prize toward original research in diseases of the kidney during 1938 

Candidates must be physicians who hav'e been graduated at least three 3 Tais 
and who are residents of the United States The 3 ’^ are requested to submit 
“evidence of research already performed and of facilities to prosecute research 
upon the causation, pathology and new methods of treatment of diseases of the 
kidney ” 

The award may be continued through not more than three years to any one 
person 

Applications with the required evidence should be addressed to the New York 
Academy of Medicine prior to June 1 

International Congress of Cosmobiology — The first International Con- 
gress of Cosmobiology will be held on the Cote d’Azur, June 2 to 6, 1938, under 
the auspices of the Societe medicale de chmatologie et d’hygiene du littoral 
Mediterraneen, with the collaboration of the Association Internationale pour I’etude 
des radiations solaires, terrestres et cosmiques Professor d’Arsonval, of the 
Institut de France, is chairman of the radiologic division, and A Lumiere, cor- 
respondent of the Academy of Sciences and Medicine, is chairman of the biologic 
division 

The program vvnll include prehistory, protohistory and histor 3 ’- of the Imowl- 
edge of the action of the forces of the universe on terrestrial life , notions of 
astronom 3 " and astroph 3 ’’sics, the solar corona and the periods of solar efferves- 
cence and their influence on crops, solar spectrum (ultraviolet and infra-red) — 
biologic, pathologic and therapeutic actions , other radiations emitted by the sun , 
undulatory or corpuscular rays called cosmic, high atmosphere and terrestrial 
magnetism, meteorology in its relations to morbid manifestations, on one hand. 
With atmospheric electricity and cosmic influences on the other, the constitution 
of microclimates and their utilization in medicine and botany, electric conduc- 
tivity and ionization of the air — their eventual action on living beings , radio- 
activity of stone and soil — biologic, pathologic and therapeutic action, thermal 
and mineral vv^aters 
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Khnische Elektrokardiographie mit einem Grundnss der Arrhythmien 

By Dr Wilhelm Dresslei Fourth edition Price, 10 50 marks Pp 180, 

with 151 illustrations Berlin Urban & Schwarzenberg, 1937 

This IS a handbook of electrocardiography^ foi the practicing physician without 
special training in this field of medicine Professor Rothberger in an introductori 
note recommends the book for its usefulness to this group of physicians, more of 
whom, he believes, should employ the electrocardiograph The conservatism in 
the evaluation of evidence of cardiac damage is indicated by the fact that the 
author does not mention the doubtfully significant minor changes, by his clear 
definition of normal variations, by his correlation of the electrocardiographic 
findings with clinical symptoms and signs and by his emphasis on the uncertainti 
of the prognostic value in the individual case This conservatism is desirable 
because it should help the practicing physician avoid the usual mistakes of those 
inexpert in this field 

The major part of the volume is concerned with the arrhythmias Dressier 
recognizes the present predominant interest in the evidence of myocardial damage 
apart from the arrhythmias, but he believes that the detection of the presence and 
of the particular type of arrhythmia will always be an important function of the 
electrocardiogram For each type of arrhythmia, in addition to the electrocardio- 
graphic findings the author presents a brief review of the pathologic physiology, 
symptoms, signs, diagnosis, prognosis and treatment This clarifies and coordinates 
an otherwise puzzling subject 

The following are points of interest in regard to the electrocardiographic 
changes in cases of myocardial damage Dressier rightly emphasizes the point 
that the general state of the myocardium is reflected chiefly m the RS-T interval 
and the T wave He desciibes the type of electrocardiogram with hy'pertrophy 
of the left ventricle in which the RS-T segment in lead I is depressed and T wave 
inverted and states that this in itself is not evidence of my'ocardial damage in the 
usual sense He believes that it may be caused partially by a disturbance in the 
excitatory pathway in the hypertrophied ventricle, thus having a mechanism some- 
what similar to that of the electrocardiogram with oppositely directed QRS com- 
plexes and T waves seen in cases of defects of intrav'entncular conduction He 
does not regard a Qa wave as significant unless Q: is also present He believes 
that the precordial lead has definite limitations of usefulness in clinical diagnosis 
because it expresses changes chiefly in the myocardium directlv underlying the 
electrode He advises conservative evaluation of changes in the precordial lead, 
especially regarding the upright T wave His statement that the Q,, T, type of 
electrocardiogram, indicating infarct of the posterior vv'all, carries a better prog- 
nosis than that indicating anterior infarction is controverted by other careful 
studies of this question 

In discussing the evidence of chronic myocardial damage the author mentions 
changes in the T wave and the RS-T segment in leads I and II but does not 
mention the equally significant although less frequent change seen in the second 
and third leads with acute and chronic strain of the right ventricle He savs 
that the temporary depression of the RS-T interval in leads I and II with corre- 
sponding changes in the T wave seen during an attack of angina pectoris may 
become permanent Under figure 130 he describes an example of this m a case 
of syphilitic aortitis in vvdiich there were attacks of substernal pain Since this 
type of electrocardiogram is so frequently seen in cases of strain of the left ven- 
tricle of various types and without necessarily the presence of disease of the 
coronary arteries, it is doubtful whether this should be considered evidence m the 
case cited and in other cases mentioned of disease of the coronary arteries 
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The Avitaminoses The Chemical, Clinical and Pathological Aspects o£ 
the Vitamin Deficiency Diseases By Walter H Eddy, Ph D , and Gilbert 
Dalldorf, M D Price, $4 50 Pp 338, with 32 illustrations Baltimore 
Williams & Wilkms Company, 1937 

This book is described as a derivation from “The Vitamine Manual,” which 
was written by the senior author fifteen years ago It is divided into two parts 
Part 1 considers the vitamins and the avitaminoses It deals with the nature and 
functions of the important vitamins, together with the clinical aspects and anatomic 
manifestations of their deficiency Part 2 is devoted to methods of assaying sources 
of vitamins, clinical tests of the deficiencies and a table of the vitamin values 
of foods 

The chapters on vitamin A bring together much new information The two 
mechanisms of the production of ocular changes are clearly outlined, and the 
development of the widespread lesions of vitamin A deficiency are explained The 
chapters on the subclinical forms of avitaminosis A, B and C are particularly 
important in that they emphasize the little known fact that mild deficiencies are 
prevalent and may produce only nonspecific symptoms and signs Clinical indica- 
tions of their presence may in many instances lead to verification bv special pro- 
cedures The discussion of the pellagra problem is highly colored by the beliefs 
of the authors However, the present status of the flavins is clarified The section 
on pellagra and that on vitamin E demonstrate an important weakness found 
throughout the book Controversial information is given without adequate dis- 
cussion Facts and observations of other investigators are often merelv listed 
Correlation and interpretation may be lacking where they are most needed by the 
physician, and elsewhere dogmatism is manifest regarding an equally controversial 
topic 

The last three chapters concern methods of vitamin bioassay, clinical tests and 
the vitamin values of foods The descriptions of methods of assay and of clinical 
tests are brief but adequate for an understanding of the principles employed The 
table of the vitamin values of foods is expressed in international units per ounce 
Such figures are particularly helpful in a comparison of specific foods for their 
vitamin content and permit an estimation of the adequacy of vitamins in ordinary 
servings 

The book contains not only many typographic errors, omission and transposi- 
tion of letters but errors as to references, such as that to Wald on page 34 
However, much information is given that is not available elsewhere under one cover 

Concepts and Problems of Psychotherapy By Leland E Hinsie M D , 
Professor of Clinical Psychiatry, College of Physicians and Surgeons, 
Columbia University Assistant Director, New York State Psychiatric Insti- 
tute and Hospital Preface by Nolan D C Lewis, Neurological Institute of 
New York Price §2 75 Pp 199, with 1 chart and 5 tables New York 
Columbia University Press, 1937 

Considering the numerous semipopular treatises written today, chiefly repre- 
senting unhappy attempts to clarify the theories of Freud, it is a pleasant surprise 
to find a clear, concise though greatly abridged study of fAir modern methods 
of psychiatric therapy In the first 154 pages of his book Hinsie attempts to 
present and evaluate these four concepts of psychotherapy, namely (1) the psy- 
choanalysis of Freud, (2) the psychobiology of Mej-^er, (3) the individual psychology 
of Adler and (4) the anal 3 q;ic psychology of Jung The major portion of the book 
IS devoted to Freud’s theories, many of which are simplified and explained for the 
benefit of the reader The author gives favorable and unfavorable criticisms of 
each method of psychotherapy that he presents, based on his own clinical experi- 
ence and on data from numerous other sources 

There is a chapter on the statistical evaluation of psychotherapeutic methods 
by Dr Carney Landis, who admits that at present statistical methods applied to 
therapeutic results in mental disease are hindered because the essential nature and 
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cause of the disease are unknown in the majority of cases, there is often dis- 
agreement of opinion among those qualified to know regarding the diagnosis and 
there is no uniformity of opinion with respect to usage of such terms as cured, 
recovered and improved, as applied m psychopathologic cases Hinsie pleads for 
a greater application of statistical methods to psychotherapeutic procedures in 
order to make better evaluation possible He presents data showing how statistics 
have resulted in aiding and developing methods of therapy m other special medical 
fields 

Undoubtedly students and specialists in the various branches of psychotherapy 
will criticize Hinsic’s book for its brevity in their particular fields However, 
there is no question that the book will serve as an excellent textbook for beginners 
in psychiatry and for those physicians in other special medical fields or in general 
practice who would like to gam some insight into modern psychotherapy 

Biological and Clinical Chemistry By Matthew Steel, Ph D Price, $8 
Pp 770, with 21 illustrations Philadelphia Lea & Febiger, 1937 

This IS a new textbook of physiologic chemistry, written expressly for medical 
students It is intended to be used both as a classroom textbook and as a labora- 
tory manual In fulfilment of the latter aim, 268 experiments are described, which 
provide a comprehensive laboratory course These are clearly outlined and are in 
the modern manner, in that the student is expected to use himself and his fellows 
for testing as often as he uses animals and chemicals 

The didactic portions, however, are subdn ided in an unusual manner as regards 
emphasis on different phases of biochemistry For example, 103 pages are devoTd 
to physical chemistry and the biophysics of cells and tissues, 109 pages, to bio- 
chemical catalysts (enzymes), Mtamms and hormones, 75 pages, to the chemistry 
of the blood, of which 28 are devoted to metliods and experiments, and 48 pages, 
to the urine and the excretory process, of which about one third contain experi- 
ments Nutrition, energy metabolism and carbohydrate metabolism are discussed 
in considerably less than 50 pages each The physicochemical material and the 
organic chemistry (carbohydrates, lipids and proteins) are well described, even 
though one questions the necessity of some of the biophysics in a medical cur- 
riculum On the other hand, the intei mediate metabolism, in geneial, is presented 
superficially The presentation of the acid-base balance is inadequate, and many 
recent contributions to human biochemistry are neglected 

The general tone of the clinical correlations may be detected from this excerpt 
from page 675 

“Since a man should consume 300 to 400 grams of glucose, or its equivalent in 
carbohydrate, a very severe diabetic will require 150 to 200 [italics not in text] 
units of insulin daily distributed in doses of 30 to 40 units five times a day” 
There are many errors throughout, not all of which are typographic Some 
proper names are rendered in a variety of ways, but the most startling is the 
designation of the late great nutritionist as Graham Lust (page 607) 

Each chapter is terminated by a short but apparently satisfactory list of special 
and general references 


Cirurgia das glandulas parathyroides , anatomia cirurgica, technica indi- 
gacoes, modo de aegao By Sardinha Xavier da Silveira Pp 105, with 
34 illustrations Rio de Janeiro, 1936 

This monograph on the parathyroid glands consists chiefly of a review of the 
literature In addition to a historical account of surgery of the parathyroid 
glands, the author and her co-workers have reviewed the reports of 1,052 cases 
in the literature, consisting of studies of cadavers, as to the variations in number, 
location and blood supply of the parathyioid glands Seventy per cent of the 
patients were found to have the normal number — ^four Less than foui were found 
in 28 per cent Anomalies of location were observed in 1 5 pei cent 



BOOK REVIEWS 


845 


Tlie review of calcium metabolism and surgical technic presents no new finrl- 
mgs The discussion of parathyroidectomy for scleroderma and thrombo-angiitis 
obliterans presents several mtei estmg aspects The author reports continued 
improvement after one year m a patient with scleroderma, a Brazilian woman 
who underwent parathyroidectomy 

The observations in the single case of scleroderma, according to the author, 
confirmed the findings of Leriche, Jung and Sureyya, Seyle, Shelling, Ashes and 
Jackson on the interrelation of scleroderma and parathyroid d 3 ''sfunction Leriche 
found that 70 per cent of the patients with scleroderma had hypercalcemia 
Hypercalcemia was also observed m the case reported on by the author 

Three patients with thrombo-angntis obliterans treated by parathyroidectomy 
are reported on Illustrations of the improvement in the lesions of the extremities 
accompany the discussion Increased vasodilatation, increased temperature of the 
extremities, diminished pain and a lowered calcium level of the blood were some 
of the effects observed These findings confirm, according to the author, those of 
Welti, of Pans, who has previously reported the use of parathyroidectomy as a 
therapeutic procedure in Buerger’s disease The condition is attributed to hyper- 
tonia of the sympathetic nervous system due to hypercalcemia 

Lehrbuch der Elektrokardiographie By David Scherf, M D Second edi- 
tion Price, 18 marks Pp 264, with 186 illustrations Vienna Julius 
Springer, 1937 

This book represents a systematic approach to the understanding of electro- 
cardiography in health and disease It is simply written, and the electrocardio- 
graphic changes are described so that the beginner may gam an understanding of 
them with only a general background of cardiologic training The outline is 
much the same as that m similar textbooks The physiology of impulse conduc- 
tion and the development of the electrical potential lead up to a consideration of 
the principles of the recording unit, a resume of the anatomy and physiology of 
the specific myocardium and then a discussion of normal and abnormal electro- 
cardiograms The newer advances m electrocardiography are given Both 
nomenclatures for bundle branch block are outlined Thoracic leads are discussed 
The differentiation of the curves in cases of pericaiditis and coronary thrombosis 
IS clearly given, and the confusion with pulmonary embolus is pointed out A 
discussion of the bundle of Kent is included 

The second edition of this textbook has followed the first after only eight 
months The reviewer has not seen the first edition, but, according to the author’s 
statement, in the second edition the contents have been enlarged, and the newer 
literature has been taken into consideration 
A bibliograph}’’ is appended to each section 

Les gastropathies des syphihtiques By Carlos Bonoiino Udaondo Preface 
by Emile Sergent Paper Price, 32 francs Pp 216, with 19 illustrations 
Pans Masson & Cie, 1936 

This IS a well written monograph dealing with sj’^philitic lesions of the stomacli 
Little original work is presented, but the subject is extensively reviewed The 
bibliography contains 537 references The author clearly states that his purpose 
in preparing the review was to clarify some of the more important diagnostic 
points of gastric syphilis and not to emphasize the occurrence of such lesions 
Collecting data reported b}' twentj'-three writers since the publication of Chian’s 
report in 1885, he compares the relative incidence of proved syphilitic lesions of 
the stomach according to (1) the incidence with regard to other gastric 
conditions, (2) the incidence m known syphilitic patients, and (3) the postmortem 
incidence of sj'philis of the stomach The author reviewed the various available 
classifications of gastric lesions of syphilitic origin and presents a simple but 
complete original classification, which should prove of merit The major portion 



846 


ARCHIVES OF INTERNAL MEDICINE 


of the monograph deals with the anatomic, roentgenographic laboratory and 
clinical findings of diagnostic value for each of the entities according to his 
classification The material and method of presentation should prove of interest 
to those who are desirous of a fairly concise readable review of the subject 

Atlas of Hematology By Edwin E Osgood, MD, Assistant Professor of 
Medicine and Head of Experimental Medicine, University of Oregon Medical 
School, Portland, Ore, and Clarice M Ashworth, Medical Illustrator, Uni- 
versity of Oregon Medical School, Portland, Ore Cloth Price, $10 Pp 
255, with 326 illustrations in color San Francisco J W Stacy, Inc , 1937 

An atlas is defined as “a volume of plates illustrating any subject” Judged 
by this definition, this atlas of hematology generously fulfils the requirements 
The book is divided into two general sections The first part illustrates the 
various cells that may be found in the circulating blood and in the marrow and 
includes a description of the parasites which infest the blood The second part 
deals with the diseases that are accompanied with characteristic changes in the 
blood picture The diseases are dealt with in a somewhat abbreviated fashion 
as the book does not purport to be a treatise on diseases of the blood It is offered 
to those who wish to gam proficiency in recognizing the cells that appear in the 
blood and marrow in normal and all patliologic conditions To this end the book 
leaves little to be desired 

The cells are exceedingly well reproduced, and the color photography is 
excellent 

The authors describe a simple method by means of which any one with the 
most elementary knowledge of the subject should be able to identify almost any 
cell to be found on a well stained slide, even if he has never before seen such a 
cell The book is characterized by its simplicity, and simplicity is always a sign 
of complete familiarity with the subject in hand 

There is a short chapter on laboratory methods, including the authors’ technic 
for sternal puncture, and there is an excellent bibliography 

To the hematologist the book may appear elementary, but good hematologists 
are not numerous For clinicians, students and technicians, to whom the book is 
primarily offered, it will most adequately perform its allotted task 

It IS rather unfortunate that the authors have thought it advisable to propose 
a new nomenclature The old established nomenclature has served a good purpose 
for a long time, and while tlie new terms offered in this work may be pleasing 
to the philologist, they are likely to be confusing to the clinician and student 

Christian R Holmes, Man and Physician By Martin Fischer Price, $4 
Pp 233 Springfield, 111 Charles C Thomas, Publisher, 1937 

This presentation of the life of Dr Christian R Holmes includes a short dis- 
cussion of his childhood, adolescent and college years and a more complete dis- 
sertation on his professional years Fischer includes a detailed survey of Holmes’ 
contributions to the medical development of Cincinnati His ceaseless work in 
collecting funds, municipal grants and endowments for the construction, furnishing 
and adequate staffing of the Cincinnati General Hospital and Cincinnati Medical 
School IS outstanding His untiring aggressiveness was responsible for his success 
in achieving the desired ends, in spite of the corrupt political situation that existed 
in the city at that time The book includes not only biographic material but a 
great deal of interesting historical information concerning the medical and political 
life of Cincinnati 

The book is well planned and lucidly and interestingly written The large 
print on dull-finished paper is welcomed Many proverbial remarks and the few 
illustrations that supplement the mam presentation add to the value of the book 
This biography of Holmes offers enjoyable and instructive reading material 
concerning a man of whom the members of the medical profession and the laymen 
not only of Cincinnati but of America should be proud 
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EXPERIMENTAL RENAL INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTOMY 

IX BLOOD PLASMA PROTEIN VALUES FOR CONTROL AND 
PARTIALLY NEPHRECTOMIZED EATS FED DIETS CON- 
TAINING DRIED EXTRACTED BEEF MUSCLE 

STEPHAN LUDEWIG, PhD 

AND 

ALFRED CHANUTIN, PhD 

UNIVERSITY, VA 

H} poproteiiiemia ma} follow excessive loss or deprivation of pio- 
tem Expel imental hypoprotememia has been produced by plasma- 
pheresis and with diets low in protein In man, hypoprotememia is 
encountered after continued loss of protein in urine or during periods 
of dietar}!- restriction of protein Many investigators believe that the 
hypoprotememia is entirely due to this loss of protein However, m 
a recent discussion of the problem, Bloomfield ^ suggested “Part at 
least of the difficulty which leads to the lowering of the blood-proteins 
is an impairment of the blood-regenerating mechanism , lack and loss 
undoubtedly contribute an added burden which on occasion may be 
insuperable, but lack and loss cleaily fail to explain the whole problem ” 

In the present investigation, control and partially nephrectomized 
rats fed diets containing varying amounts of dried extracted beef muscle 
were used m studying the relation between the plasma protein content 
and the amount of protein ingested and exci eted The partially nephrec- 
tomized lat is peculiarly suitable for such a study for the following 
reasons 1 The urinary protein is chiefly albumin m proportions found 
in nephrotic urine of man 2 The severity of the proteinuria increases 
With time 3 The amount of dietary protein influences the excretion 
of protein to a certain extent Despite the marked loss of piotein by 
partially nephi ectomized rats, neither hypoprotememia nor visible edema 
was encountered 

From the Laboratory of Physiological Chemistry, the Universitj" of Virginia 

This investigation was made possible by the Edward N Gibbs Prize Fund of 
the New York Academy of Medicine 

1 Bloomfield, A L The Effect of Restriction of Protein Intake on the 
Serum Protein Concentration of the Rat, J Exper Afed 57 705, 1933 



848 


ARCHIVES OF INTERNAL MEDICINE 


METHODS 

The operative procedure for unilateral and subtotal ncphrectomj and the care 
of the experimental animals have been described - The diets are presented in 
table 1 The control and partially nephrectomized rats were fed the experimental 
diets for periods ranging from seventy-five to one hundred and fifty dajs, with 
about one hundred days for the majority of animals 

Blood for analysis of protein was drawn from the abdominal aorta with needle 
and syringe while the animal was under light ether anesthesia Potassium oxalate 
was used as the anticoagulant An effort was made to use uniform concentration 
of potassium oxalate m order to minimize the analytic error pointed out by Peters, 
Eisenman and Bulger ® The procedure described b\ Weech, Snelhng and Goetsch * 
was followed for the determination of total plasma, albumin and fibrin nitrogen 
Globulin was precipitated with 22 2 per cent solution of sodium sulfate after 
incubation overnight, and the solution was filtered through a Whatman no 50 
filter paper Fibrin was prepared for analysis according to the Cullen and Van 
Slyke® method from 1 cc of plasma The micro-Kjeldahl apparatus was similar 
to Goebel’s apparatus, described by Peters and Van Slyke ® The nonprotein nitro- 


gen content 

was determined by 

the procedure 

suggested by 

Dah " 

The blood 


Tablf 1 - 

—Compostiton 

of Rations 




Dried 


Cod 




Extracted 


Luer 

Dried 

Salt 

Diet 

Beef Muscle Staicli 

Lard 

Oil 

Least 

Mixture 

EB 10 

10 G2 

14 

5 

5 

4 

EB20 

20 32 

14 

■) 

J 

4 

EB 40 

40 32 

14 

■) 

0 

4 

EBCO 

00 12 

14 

5 

'S 

4 

EB 80 

SO 

0 

5 

5 

4 


filtrate was prepared in a centrifuge tube by adding 0 2 cc of plasma to 5 cc 
of 2 5 per cent trichloro-acetic acid Slightly more than 3 cc of plasma w’as 
necessary for the determination of total plasma protein, albumin, globulin and 
nonprotem nitrogen Since sufficient plasma was not ahva^s available to include 
analysis of fibrin, this determination alone was made for a number of other animals 
to obtain sufficient data The urinary protein content w'as determined for urine 
collected during a concentration test according to the procedure of Fohn ® 

2 Chanutm, A and Ferris, E B , Jr Experimental Renal Insufficiencj 
Produced by Partial Nephrectomy I Control Diet, Arch Int l^Ied 49 767 
(May) 1932 

3 Peters, J P , Eisenman, A J , and Bulger, H A The Plasma Proteins 
m Relation to Blood Hydration I In Normal Individuals and m Miscellaneous 
Conditions, J Chn Investigation 1 435, 1925 

4 Weech, A A , Snelhng, C E, and Goetsch, E The Relation Between 
Plasma Protein Content, Plasma Specific Gravity and Edema in Dogs Maintained 
on a Protein Inadequate Diet and m Dogs Rendered Edematous bj’- Plasmapheresis, 
J Chn Investigation 12 193, 1933 

5 Peters, J P, and Van Slyke, D D Quantitative Clinical Chemlstr^, 
Baltimore, Williams & Wilkins Company, 1932, vol 2, p 697 

6 Peters and Van Slyke,® p 530 

7 Daly, C A The Determination of Non-Protein Nitrogen with Special 
Reference to the Koch-McMeekm Method, J Lab & Chn Med 18 1279, 1933 

8 Fohn, O A Laboratory Manual of Biological Chemistry, New York, 
D Appleton and Company, 1926, p 210 





LUDEWIG-CHANUTIN— RENAL INSUFFICIENCY 


849 


The standard error of the mean and the coefficient for reliability between two 
means were determined according to formulas recommended by Garrett ® 


RESULTS 

Plasma Pi otem Values foi Conti ol Ammals (One oi Tzvo Kidneys) 
— The total pi otem, albumin and globulin nitrogen concentrations weie 
determined for 97 control animals fed diets containing 10, 20, 40, 60 
or 80 per cent diied exti acted beef muscle The average values with 
their standard errors are piesented m the first portion of table 2 The 
respective mean values for the total plasma protein and albumin weie 
practically the same with the first four diets, but there was a statisti- 
cally significant dififeience for these constituents foi the groups fed the 


Table 2 — Plasma Pi otem Values foi Conti ol and Pat Hally Nephi ectoimzed Rats 
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Control Rats 




17 

10 

1,001 -1- 10 7 

6 25 

502 -H 9 3 

3 51 

439 -1- 15 S 

2 74 

44 -hi 6 

0 28 (IS) 

14 

20 

995 -t- 14 3 

6 23 

552 -+- 12 0 

3 45 

443-)- 9 4 

2 77 

47 -)- 1 3 

0 29 (26) 

14 

40 

988 11 1 

617 

531 -f- 8 3 

3 32 

457 -f-12S 

2 86 

45 -f- 2 5 

0 28 (19) 

21 

00 

1,000 -t- 15 3 

6 25 

550 th 6 3 

3 44 

450 -)- 13 1 

2 82 

42-+- 1 4 

0 26 (21) 

31 

80 

952:1; 9 4 

0 95 

505 ±58 

316 

447 -f- 9 9 

2 SO 

46 ± 1 9 

0 29 (12) 





Partially Nephreetomized Rats 




38 

10 

988 -t- 10 4 

617 

522 -t- 13 4 

3 26 

466 ± 17 7 

2 91 

40-)- 2 0 

0 29 (24) 

24 

20 

938 -1- 19 2 

5 86 

503 -1- 13 1 

314 

435 “f- 15 5 

2 72 

50 -+-2 5 

0 31 (19) 

19 

40 

935 -H 12 0 

5 84 

465 -t- 11 5 

2 91 

470 -+- 13 4 

2 94 

59-)- 3 0 

0 37 (20) 

24 

60 

955 -f- 14 6 

5 97 

478 -1- 11 6 

2 99 

477-+- 12 0 

298 

52-)- 3 2 

0 33 (IS) 

26 

80 

928 -H 13 8 

5 80 

457 -t- 11 3 

2 86 

471 -+- 18 8 

2 94 

70-)- 3 6 

0 44 (30) 


* The figures m parentheses represent the number of rats used for determinations of fibrin 


EB 80 diet The aveiage globulin and fibrin values were all within a 
small limited range with all diets and were without any statistically 
significant dififeiences 

Since the mean values for the groups fed diets EB 10, EB 20, 
EB 40 and EB 60 were statistically lehable, they were combined with 
maximum and minimum values to establish standards for control rats 
fed well balanced diets (table 3) 

Plasma Protein Values for Paitially Nephi ectomized Rats — The 
total plasma pi otem, albumin and globulin mtiogen concentrations were 
determined for 133 partiall} nephi ectomized rats fed diets containing 
10, 20 40, 60 Ol 80 per cent dried exti acted beef muscle The statistical 

9 Garrett, H E Statistics in Ps 3 '’chology and Education, New York, 
Longmans, Green & Co , 1930 
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analysis of the average values for each dietaiy group is presented in the 
second portion of table 2 Theie was a tendency for the concentiations 
of total plasma protein and albumin to decrease slightly as the protein 
concentration of the diet was increased There was a statistically sig- 
nificant difference between the total plasma piotein content with diet 
EB 10 and the values with the remaining diets There was a significant 
difference between the albumin values with diets EB 10 and EB 20, 
respectively, and the values with diets EB 40, EB 60 and EB 80, respec- 
tively There was no significant difference between the globulin values, 
despite the fact that the spread about the mean nas greatest for this 
constituent The maximum and minimum i alues for the various plasma 
constituents were as follows total protein nitrogen, 1,192 and 800 mg 


Table 3 — Plasma Pt otem Values jot Control Rats 


Number of 
Rats 


Mg of Nitrogen in Gm of Protein m 

100 Ce of Plasma 100 Cc of Plasma 

CG 

Total 

Maximum 1,1S0 

Minimum SOO 

Mean 1,001 ±70 

G25 


Albumin 

Maximum G'lS 

Minimum 405 

Mean 513 ± 4 G 

312 


Globulin 

Albumin 

— ratio = 1 21 

Globulin 

Maximum 592 

Minimum 278 

Mean 453 ± C 6 

2 33 


Correlation coefficient between albumin and globulin = —0 it ± 0 03 


90 

Tibrin 

Maximum 0 0G9 

Minimum 0 029 

Mean 0 015 ± 9 0 

0 23 


pel bundled cubic centimeters, albumin nitiogen, 668 and 320 mg pei 
hundred cubic centimeters, and globulin nitiogen, 757 and 257 mg pei 
hundred cubic centimeters 

The average values for fibrin showed an inciease m concentiation 
with increased ingestion of protein It should be noted that these 
inci eased values were not sufficient to influence the globulin values 
appreciably The maximum and minimum vaiiations foi fibrin nitiogen 
foi the partially nephrectomized lats weie 106 and 28 mg per hundred 
cubic centimeteis, lespectivel)' 

Companson of Plasma Pi otem Values foi Conti ol and Paitially 
Nephi ectomised Rats — ^The data for the total plasma protein, albumin 
and globulin were statistically analyzed to deteimine the effect of paitial 
nephrectomy for the lespective dietar}'’ gioups It was found that theie 
was no significant difference in the a^elage values foi total nitiogen 
for the gioups of animals fed diets EB 10 and EB 80, but there was 
a significant difference foi the gioups fed diets EB 20, EB 40 and 
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EB 60 There was a significant difiference between the average albumin 
values for all the respective dietary groups On the other hand, there 
was no significant diiference in the average globulin values for the 
\arious dietary groups The values for fibrin were significantly greater 
for the partially nephrectomized animals fed diets EB 40, EB 60 and 
EB 80 than for the corresponding control groups It should be empha- 
sized that the absolute decrease in the values for total plasma protein 
and albumin was not physiologicall)^ significant 

Relation of Plasma Piotem Values to Uunaiy Pi otein Values foi 
Paihally Nephi ectoimsed Rats — In order to determine whether the 
concentration of plasma protein was related to the amount of protein 
excreted, all data weie assembled under arbitrary ranges of proteinuria 
according to the amount of protein excreted in twenty-four hours, as 
follows group 1 (slight proteinuria), between 0 and 50 mg , group 2 
(moderate proteinuria), between 50 and 100 mg, and group 3 (marked 


Table 4 — Relation of Proteinuna to Plasma Pi otein Values jot Paitially 

Nephtectomtced Rats 



Xumber 

oi 

Rats 

3Ig of Protein 
Evcreted m 
24Hr*‘ 

Gin of Protein in 100 Cc 

of Plasma 

Group 

Total 

Albumin 

Globulin 

1 

3S 

0 50 (28) 

6 13 ± 0 24 

3 17 ± 0 33 

2 98 ± 0 45 

2 

28 

50 100 (72) 

5 91 d: 0 41 

3 03 ± 0 33 

2 89 ± 0 37 

S 

37 

100 250 (145) 

5 75 + 0 36 

2 93 rfc 0 38 

2 82 ± 0 40 


* The figures m parentheses represent averages 


or massive proteinuria), between 100 and 250 mg The aveiage values 
for plasma protein, albumin and globulin are classified according to the 
proteinuria in table 4 

Since the difterences in the concentration of the plasma protein for 
the respective groups were comparatively small, statistical analyses foi 
the significance of the diffeiences of the averages were carried out It 
was found that the average \alues for total plasma protein for groups 
2 and 3 w^ere definitely lower than the average value for group 1 There 
was a significant difiterence between the albumin values for group 1 
and those for group 3 There were no appreciable differences in the 
globulin ^alues for the three groups Although there were statistical!} 
significant differences between the groups with regard to the total plasma 
protein and albumin values, it can be seen that the plasma protein con- 
centration was not sufficiently lowered to exert any untoward physio- 
logic effect 

The quantit} of circulating plasma protein m 101 partially nephrec- 
tomized rats which was estimated from the total plasma protein con- 
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centration and the plasma volume (method of Cutting and Cutter^®), 
was compared with the urinary protein excreted during a twenty-four 
hour concentration test Thirty per cent of these animals excreted 
more than 50 per cent of the calculated total plasma protein in twenty- 
four hours In two instances the twenty-four hour urinary excretion 
of protein was m excess of the calculated total plasma protein content 
In the absence of hypoproteinemia this demonstrated a remarkable 
ability of the partially nephrectomized rat to legenerate plasma protein 

COMMENT 

These experiments demonstrate that tremendous increases in the 
protein concentration of an adequate diet do not increase the plasma 
protein content for control and partially nephrectomized rats Further- 
more, the loss of relatively large quantities of urinary protein by 
partially nephrectomized rats has no appreciable effect on the concen- 
tration of plasma protein This appears to be direct experimental evi- 
dence to support Bloomfield’s suggestion that loss of uiinary protein 
m renal disease does not satisfactoril)’^ explain the phenomenon of 
hypoproteinemia 

In the partially nephrectomized rat the renal tissue is reduced with- 
out directly affecting any other organ, but the degenerative and inflam- 
matory nephropathies of man usually involve not only the kidney but 
other organs as well If an analogy can be drawn between the response 
of man and that of the rat to the loss of urinary protein, it may be 
assumed that hypoproteinemia in man must be due to interference with 
the protein-regenerating mechanism It seems likely that human plasma 
protein values cannot be elevated with high protein diets and that low- 
ered plasma protein values foi human beings with nephrosis must be 
attributed to altered protein legeneiation rather than to proteinuria 

SUMMARY 

The concentrations of plasma protein were determined for large 
numbers of individual control rats fed diets containing various per- 
centages (10, 20, 40, 60 and 80) of dried extracted beef muscle The 
results obtained with the first four diets were almost identical and 
yielded the following averages total plasma protein, 6 25 Gm , albumin, 
3 42 Gm , globulin, 2 83 Gm , and fibrin, 0 28 Gm , per hundred cubic 
centimeters The total plasma piotein and albumin concentrations for 
the partially nephrectomized rats were slightly lower, and the fibrin 
values were slightly highei than these figures, except with diet EB 10, 

10 Cutting, W C, and Cutter, R D Total Plasma Protein in Normal and 
Fasting Rats, Am J Phvsiol 113 150, 1935 
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which produced control values Hypopioteinemia was not encountered 
m any of these animals 

A comparison of the plasma protein concentrations foi partially 
nephrectomized rats with the amount of protein excreted indicated that 
there was no decrease of physiologic importance in the total plasma 
protein and albumin values with inci eased proteinuria 

It was shown that the partially nephrectomized rat may excrete 
urinary protein during twenty-four houis m amounts as gieat as the 
total circulating plasma protein without evidence of hypoproteinemia 



EXPERIMENTAL RENAL INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTOMY 

X BLOOD PLASMA CHOLESTEROL AND PHOSPHOLIPID PHOSPHORUS 

VALUES FOR CONTROL AND PARTIALLY NEPHRECTOMIZED RATS 
FED DIETS CONTAINING DRIED EXTRACTED LH ER 

STEPHAN LUDEWIG, PhD 

AND 

ALFRED CHANUTIN, PhD 

UNIVERSm, VA 

Cholesteiol metabolism m renal diseases has been leviewed bj 
Cantarow ^ and by Page and Ins associates " The probable significance 
of phospholipids and then relation to free cholesterol have been dis- 
cussed by Sinclair ® It is \\ ell known that there is an increased concen- 
tration of plasma cholesterol in nephrosis and m the nephrotic types 
of glomerulonephritis Theie appears to be no logical explanation for 
the changes in the cholesterol values of the blood in these diseases 
There has been little work concerning lipid metabolism of experimental 
animals with renal insufficiency to compare with results obtained foi 
patients with impaired lenal function 

It IS the purpose of this investigation to study the plasma cholesterol 
and lipid phosphorus values for partially nephiectomized and control 
lats fed diets containing vaiying concentrations of dried extracted Inei 

METHODS 

The operative procedure for unilateral and partial nephrectomj, the methods 
for estimating blood pressure and renal function and the care of the experimental 
animals have been described ■* When the animals were 60 to 70 da 5 '^s of age thej 
were placed on one of the experimental diets the composition and cholesterol 
content of which are listed in table 1 The fi\e diets were designated ELIO, 

From the Laboratory of Physiological Chemistry, the Unneisitv of Virginia 

This investigation was made possible by the Edward N Gibbs Prize Fund of 
the New York Academy of Medicine 

1 Cantarow, A Cholesterol Metabolism, Internat Clin 1 237, 1935 

2 Page, I H , Kirk, E , and Van Slyke, D D Plasma Lipids m Chronic 
Hemorrhagic Nephritis, J Chn Investigation 15 101, 1936 

3 Sinclair, R The Physiology of the Phospholipids, Plnsiol Re\ 14 351, 

1934 

4 Chanutin, A , and Ludewig, S Experimenfal Renal Insufficiency Produced 
bv Partial Nephrectomy V Diets Containing Whole Dried Meat, Arch Int 
Med 58 60 (July) 1936 



L UDEWIG-CHANUTIN— RENAL INSUFFICIENCY 


855 


EL 20, EL 40, EL 60 and EL 80, in accordance with the percentage of dried 
extracted liver, which was the principal source of protein The dried extracted 
liver was prepared from cold storage hog liver which was thoroughly extracted 
with hot water and dried 

The minimum period of the experimental diet was sixty da>s, but in most 
instances the diet was continued from ninety to one hundred and fifty days before 
the animal was killed Blood was drawn from the abdominal aoita while the animal 
was under ether anesthesia, and heparin was used as the anticoagulant The 
method of Schoenheimer and Sperry,® with slight modifications,^ was used for 
determining the free and total cholesterol values Phospholipid phosphorus values 
were determined according to the procedure recommended by Man and Peters " 
Statistical analyses were done according to standard methods ® 


RESULTS 

Plasma Cholestei ol Values jot Conti ol Animals (One oi Two Kid- 
neys) and Paitially Nephi ectonuzed Rats — The individual values foi 
total cholesterol and the percentage of esterified cholestei ol in the 


Table 1 — Composition of Rations 


Diet 

Dried Ex- 
tracted 
Liver 

Starch 

Lard 

Cod 

Liver 

Oil 

ELIO 

10 

02 

14 

5 

EL 20 

20 

52 

14 

3 

EL 40 

40 

32 

14 

5 

EL 60 

60 

12 

14 

5 

EL so 

80 

0 


4 


Cholesterol, % 
Dried Salt , ' 


Teast 31ixture 

Total 

Free 

Esters 

5 4 

0 16 

OIS 

23 

5 4 

0 29 

019 

34 

5 4 

0 55 

0 37 

32 

5 4 

0 72 

0 45 

37 

6 4 

107 

0 63 

42 


plasma of control and partially nephrectoimzed rats fed diets containing 
10, 20, 40, 60 or 80 per cent dried extracted liver are presented in 
figure 1 The mean values for the total cholestei ol for the contiol 
animals were about the same with the exception of the elevated value 
with diet EL 80 These aveiage values, in milligrams per bundled 
cubic centimeters, with standard errors, were 86 ± 2 32, 86 ± 2 89, 
90 ±: 3 72, 92 ± 4 02 and 122 ±; 4 01, lespectively On the other hand, 
the mean values for plasma total cholesterol for the partially nephrecto- 
mized rats showed an irregular increase with the increased percentage 
of cholestei ol in the respective extracted liver diet These average 

5 Schoenheimer, R , and Sperry, W M A Micromethod for the Determina' 
tion of Free and Combined Cholesterol, J Biol Chem 106 745, 1934 

6 Chanutm, A , and Ludewig, S The Blood Plasma Cholesterol and Phos- 
pholipid Phosphorus in Rats Following Partial Hepatectomy and Following 
Ligation of the Bile Duct, J Biol Chem 115 1, 1936 

7 Man, E B , and Peters, J P Grav imetric Determination of Serum 
Cholesterol Adapted to the Man and Gildea Fatt} Acid Method, with a Xote on 
the Estimation of Lipoid Phosphorus, J Biol Chem 101 685, 1933 

8 Garrett, H E Statistics in Psvchologv and Education, New York, 
Longmans, Green & Co, 1930 
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values, in milligrams per bundled cubic centimeters, witb standard 
errors, were 111 ±2 98, 129 ± 2 89, 125 ± 3 68, 144 ±4 09 and 
150 ± 5 56, respectively These values were bigber than those for the 
control animals in the respective dietary groups A statistical analysis 
of the reliability of the difference between the means for the control 
and those for the paitially nephrectomized animals with the same diet 
showed a significant difference in all cases For all dietary groups the 
percentage of esterified cholesterol remained fairly constant, despite 
the wide variations in the total cholesteiol concentrations Hypopro- 
tememia was never encountered in these animals 



Fig 1 — Cholesterol values for control and partially nephrectomized rats fed 
various diets containing dried extracted liver 


It is obvious that renal insufficiency produced by partial nephrectomy 
affects cholesterol metabolism, as evidenced by the plasma cholesterol 
concentration It has been shown ® that the plasma cholesterol was 
greater for partially nephrectomized rats than foi controls fed a diet 
supplemented with 2 5 per cent cholesterol Best, Grant and Ridout 
have shown that increasing amounts of protein (casein, dried egg white 
and beef muscle) in the diet prevented the accumulation of fat in the 

9 Chanutin, A , and Ludewig, S The Effect of Cholesterol Ingestion on 
Tissue Lipids of Rats, J Biol Chem 102 57, 1933 

10 Best, C H , Grant, R , and Ridout, J H The “Lipotropic” Effect of 
Dietary Protein, J Physiol 86 337, 1936 
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hver of the white rat This lipotropic effect was difficult to gage in 
the present experiments because there was a progressive increase in 
both the protein and the cholesterol content of the diets It is probable 
that the slight increase in plasma cholesterol encountered for control 
animals fed diets containing about 1 per cent cholesterol (diet EL 80) 
may have been due to the excessive amount of cholesterol in relation 
to the protein content 

Despite the presence of appreciable amounts of cholesterol m the 
diets fed in these experiments, gross examination of the livers re\ealed 
no fatty changes Blatherwick and his associates demonstrated that 
diets rich m whole dried liver caused the development of a fatty luer 
in the rat On the other hand, similar quantities of dried, iiater- 
extracted liver did not produce these fatty changes This finding has 
been confirmed in this investigation 


Table 2 — Ratio of Fiec Cholcsteiol to Phospholipid Phosphonis foi Conti ol 
and Paitially Nephiecfoniiccd Rats* 


Diet 

Control Rats 

Partiallj 

Xephrectomued 

Rats 

ELIO 

3 5 (35) 

3 6 (71) 

EL 20 

3 7 (19) 

3 9 (44) 

ELfO 

3 7 (15) 

3 6 (59) 

EL GO 

3 7 (15) 

3 S (39) 

EL SO 

3 7 (36) 

3 S (27) 


* The figures rn parentheses indicate the number of rats 


Relahan of Fiee Cholesfeiol and Phospholipid Values — The 

fof partially neph- 

rectomized rats are presented in table 2 It is seen that the ratios 
are constant for both groups of animals The phospholipid phosphorus 
concentration varied from 4 3 to 15 3 mg per hundred cubic centi- 
meters A similar direct relation was demonstrated m rats subjected 
to partial hepatectomy and to ligation of the bile duct ° and m man 
V ith hepatic damage 

Relation Between Total Cholesteiol Value, Uica Ratio and Blood 
Pressme — ^The relation betM^een the total cholesterol lalue and the 

presented m figure 2 It can be seen 
that the concentration of plasma cholesterol was not closely related to 
the degree of renal insufficiency In figure 3 the total cholesterol value 

11 Blatherwick, N R , Medlar, E M , Bradshaw, P J , Post, A L, and 
Sawjer, S D The Dietary Production of Fattv Luers in Rats, J Biol Chem 
103 93, 1933 

12 Chanutin, A , and Ludewig, S Blood Lipid Studies in a Case of Xantho- 
matosis Associated with Hepatic Damage, J Lab & Clin ifed 22 903, 1937 
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Fig 2 — Relation of total cholesterol value to renal function of control and 
partially nephrectomized rats 



Fig 3 — Comparison of the total cholesterol values and the blood pressure 
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IS compared with the blood pressure There was no definite relation 
bet\\een the height of the blood pressure and the plasma cholesterol 
concentration 

SUMMARY AND CONCLUSIONS 

The plasma cholesteiol and phospholipid phosphorus concentiations 
have been determined for control (one or two kidneys) and partially 
nephrectomized rats fed diets containing varying percentages of dried 
extracted liver (10, 20, 40, 60 and 80 per cent) and cholesterol (0 16 
to 1 07 per cent) 

There was no increase in the mean concentration of the plasma 
cholesterol for control animals except for those receiving diet EL 80 
There was an increase "in the cholesterol values for the partially nephrec- 
tomized rats which appeared to be roughly associated with the amount 
of ingested cholesterol There Yas no relation between the total plasma 
cholesterol concentration and the renal function or the blood pressure 
The phospholipid phosphorus ^alue varied directly with th5 fiee cho- 
lesterol concentration for both the control and the partially nephrec- 
tomized animals The percentage of cholesterol esters was unchanged 
by operation or by diet 

Since renal insufficiency produced by partial nephrectomy appears 
to affect the ability of the rat to metabolize cholesterol, it is likely that 
cholesterol disturbances in renal diseases of man are directly associated 
with lenal damage 



SIZE AND SHAPE OF THE HEART IN 
HYPERTHYROIDISM 

A TELEROENTGENOGRAPHIC STUDY OF TWO HUNDRED CASES 

HECTOR GOTTA, MD 

BUENOS AIRES, ARGENTINA 

Until recently “thyroid heait” was considered to be a definite entity 
and was admitted without discussion as a member ol the group ol 
organic cardiac diseases This idea is now losing popularity, and the 
tendency to consider so-called thyroid heart as a simple functional 
disorder is becoming more and moie pievalent 

The fundamental reasons for this change are based on experi- 
mental proof — ^pathologico-anatomic, electrocardiographic and loent- 
genographic, though none of these has been capable of showing definitely 
the existence of a constant specific alteration in the heart in hyper- 
thyroidism Thus, Takane ^ and Bo>ksen - have found infiltration or 
degenerative changes in the hearts of lats intoxicated with thyroid prepa- 
rations, whereas Goodpasture ^ found only slight alterations m rabbits 
under similar conditions, but he admitted that there might exist an 
increased liability of the myocardium to infection Rake and McEach- 
ern^ said they considered that the lesions they obsei\ed were of no 
importance Simonds and Braudes,'^ uoiking with dogs, mentioned only 
hypertrophy 

Postmortem examination of the human subject also has gi\en rise 
to divergent interpretations Fahr and Kuhle “ obseived hypeitroph\, 

From the Department of Surgery, the Rawson Hospital, Prof E Fmochietto, 
director 

1 Takane, K Pathobiogenese der Myocarditis acuta durch organische 
und anorgamsche Jodbindungen bzw der Basedoivmjokarditis, Virchows Arch f 
path Anat 259 1, 1926, Ueber die expenmentelle akute Myokarditis durch Thy- 
reoidm und Jodsalze, ibid 259 737, 1926 

2 Boyksen, D Thyreotoxische Herzmuskelschadigungen, Virchows Arch f 
path Anat 293 342, 1934 

3 Goodpasture, E The Influence of Thyroid Products on the Pioduction of 
Myocardial Necrosis, J Exper Med 34 407, 1921 

4 Rake, G, and McEachern, D ENperimental Hyperthyroidism and Its 
Effects upon the Myocardium in Guinea Pigs' and Rabbits, J Exper Med 54 23, 
1934 

5 Simonds, J P , and Brandes, W W Ihe Size of the Heart in Experi- 
mental Hyperthyroidism, Arch Int Med 45 503 (April) 1930 

6 Fahr, T , and Kuhle, J Zur Frage des Kropfherzens und der Herz- 
veranderungen bei Status th>molymphaticus, Virchows Arch f path Anat 233 
286, 1921 
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myodegenei ation, callus founation and Ijinphocytic infiltration and 
said they concluded that myocaiditis could be attributed to the thyroid 
disease, although they recognized the nonspecific chaiacter of the 
lesion Boyksen - made similar observations and also described necrotic 
alterations Baust mentioned only a slight inciease of l3miphoc3des, 
histiocytes and fibroblasts De Chatel and Molnar ® observed dark 
brown pigmentation, an increase of connective tissue and slight hypei- 
trophy On the other hand, Cabot , ® Rake and McEachern , Lewis , 
Weller, Wanstrom, Gordon and Bugher,^^ and Friedberg and SohvaP® 
did not note much change, and when they did they attributed it to con- 
comitant lesions due to rheumatism, arteriosclerosis, syphilis or some 
other disease References to publications based on the observations 
made at only a small number of autopsies have been omitted 

In electrocardiographic studies there is agieement m the frequency 
with which auriculai fibrillation occurs, but there the unanimity ends 
Hoffmann, Strubell,^® Krumbhaar,^® Haas and Parade,^’ Gossels,^® 
and McGuire and Foulger have said they consider that a high T 
wave IS characteristic of hyperthyroidism, but Smith and Colvin,-® 

7 Baust, H Ueber histologische Befunde an Kropfherzen, Beitr z path 
Anat u z allg Path 86 543, 1931 

8 de Chatel, A , and Molnar, W Herzveranderungen bei Morbus Basedow, 
Virchows Arch f path Anat 289 557, 1933 

9 Cabot, R Facts on the Heart, Philadelphia, W B Saunders Company, 
1926, p 723 

10 Rake, G , and McEachern, D A Study of the Heart in Hyperthyroidism, 
Am Heart J 8 19, 1932 

11 Lewis, W Hyperthyroidism and Associated Pathology, Am J M Sc 
171 65, 1931 

12 Weller, C V , Wanstrom, R C , Gordon, H , and Bugher, J C Cardiac 
Histopathology m Thyroid Disease, Am Heart J 8 8, 1932 

13 Friedberg, C , and Sohval, A The Occurrence and the Pathogenesis of 
Cardiac Hypertrophy m Graves’ Disease, Am Heart J 13 599, 1937 

14 Hoffmann, A Die Elelctrographie als Untersuchungsmethode des Herzens 
und ihre Ergebnisse, Munich, J F Bergmann, 1914, p 115 

15 Strubell, A Ueber die Khnik des Elektrokardiogramms, Deutsche med 
Wchnschr 38 988, 1912 

16 Krumbhaar, E Electrocardiographic Observations in Toxic Goiter, Am J 
M Sc 155 175, 1928 

17 Haas, M , and Parade, G Untersuchungen bei Morbus Basedow vor und 
nach Schilddrusenresektion, Beitr z klin Chir 152 111, 1931 

18 Gossels, C Khnischer Beitrag zur Frage des Elektrokardiogramms bei 
Schilddrusenveranderungcn, Deutsches Arch f khn Med 173 597, 1932 

19 McGuire, J , and Foulger, M The Influence of Thyroid Extract and 
Hyperthyroidism on the Electrocardiogram Avith Special Reference to the T- Waves. 
Am Heart J 8 114, 1932 

20 Smith, F, and Colvin, L Certain Cardio-Vascular Features of Hyper- 
thyroidism, Ann Clin Med 5 616, 1^27 
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Fianke,-^ White,-- Misske and Schone and Gotta -■* have not expiessed 
agreement with this 

Roentgenographic studies have revealed the so-called thyroid heait 
in two of Its aspects — shape and size Otten,-^ Kerr and Hensel,-'’ 
Rosier,-'^ Meyer-Borstel,-® Parkinson and Cookson,-® Cookson and 
Peseiico®^ have admitted that hypeithyroidism causes a bulging of 
the left middle arch, which makes the cardiac shadow show the so-called 
initial configuration, according to some authors,"- ^\hen the hyper- 
thyroidism IS prolonged, the caidiac area is enlarged chiefly on the left 
side On the other hand, Hawley has maintained that the so-called 
thyi Old heart has no characteristic shape, and Misske and Schone 
have attributed the mitral configuration in cases of hyperthyioidism to 
puiely constitutional factors Hamilton,^" Smith and Colvin,-® 
Deneen and Huixthal and Menard have stated that the heart in 
hyperth3'’roidism is of noimal size oi only slightly enlaiged and that in 

21 Franke, W Das Elektrocardiogram bei Schilddrusenerkrankungen, 
Deutsches Arch f khn Med 159 180, 1928 

22 White, P D Heart Disease, New York, The Macmillan Compaiw. 1935, 
p 379 

23 Misske, B , and Schone, G Das Elektrokardiogramm bei Schilddrusen- 
uberfunktion, Ztschr f khn Med 125 387, 1933 

24 Gotta, H Contribucion al estudio de la tirotOMCosis, Buenos Aires, Fras- 
coli y Bindi, 1931, p 44 

25 Otten, M Die Bedeutung der Orthodiagraphie fur die Erkennung der 
beginnenden Herzerweiterung, Deutsches Arch f khn Med 105 370, 1910 

26 Kerr, W J , and Hensel, G C Observations of the Cardiovascular S 3 'stein 
in Thyroid Disease, California State J Med 20 306, 1922 , Arch Int Med 31 398 
(March) 1923 

27 Rosier, H Das Rontgenbild des Herzens beim hyperth}TOidismus, Wien 
Arch f inn Med 15 539, 1928 

28 Meyer-Borstel, H Ueber Form- und Grossenveranderungen des Herzens 
bei Struma, Fortschr a d Geb d Rontgenstrahlen 41 695, 1930 

29 Parkinson, J , and Cookson, H The Size and Shape of the Heart m 

Goiter, Quart J Med 24 499, 1931 , 

30 Cookson, H The Size and Shape of the Heart in Goiter, Pioc Roy Soc 
Med 25 1517, 1932 

31 Peserico, E Le cardiopatie nell’ipertiroidismo, cuore e circolaz 18 83, 
1934 

32 Kerr and Hensel Parkinson and Cookson Cookson 

33 Hawley, S A Roentgen Study of the Chest in Two Hundred Patients 
with Goiter, Am J Roentgenol 32 326, 1934 

34 Misske, B , and Schone, G Das Herz im Rontgenbilde bei Schilddrusen- 
uberfunktion, Fortschr a d Geb d Rontgenstrahlen 50 121, 1935 

35 Hamilton, B Heart Failure of the Congestive Type Caused by Hypertln - 
roidism, J A M A 83 405 (Aug 9) 1924 

36 Deneen, F The Heart in Goiter Conditions, Illinois M J 55 264, 1929 

37 Hurxthal, L, and Menard, O The Size of the Heart in Goiter A Tele- 
radiographic Study, Am J M Sc 180 772, 1930 
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the cases in ^^hIch there is enlargement of the cardiac aiea theie is 
other cardio\ ascular disease piesent, notably rheumatism, h}pertension 
arteriosclerosis or syphilis 

This contiadictory state of opinion has led to the publication of 
this ^^olk, based on the clinical, electrocardiographic and teleroentgeno- 
giaphic study of a series of 200 cases of h 3 ^perth} roidism The tele- 
1 oentgenographic study ■^^as repeated after \arious inteivals m 86 cases . 
m 12 cases the h} perthyroidism persisted, and m 74 cases leco^el} had 
been achieved 

The clinical examination vas performed bj me in every case, and the diagnosis 
was confirmed by means of repeated basal metabolic estimations The teleroent- 
genograms were made wnth the patient upright, w'lth frontal projection at a focal 
distance of 2 meters, with an exposure of one-tenth second and during normal 
inspiration 

The internal diameter of the chest and the trans\ersc and long diameters of 
the heart w'ere measured on each roentgenogram, and the changes m shape and 
size were noted The size of the cardiac area was classified as normal, slighth 
enlarged, appreciably enlarged or greatly enlarged The classification w^as made 
according to personal judgment, which is naturally open to criticism, but in spite 
of the imperfections of such a method, it seemed preferable to the use of the 
cardiothoracic index or tables of standard values, wdiich do not take into account 
individual constitutional variations On the other hand, the expressions normal, 
appreciably enlarged and greatly enlarged correspond to a definite concept that 
IS easj to interpret This is not so, how^ever, when the term slightly enlarged is 
used In this category were placed the cases in w'hich enlargement W'as doubtful, 
and it included a borderline or transitional appearance betw’een normal and 
undoubted enlargement 

With this classification it was found that the cardiac aiea t\as 
noimal in 80 cases of hyperthyioidism, slightly enlaiged in 64, appie- 
ciably enlarged in 30 and greatly enlarged in 26 

Next it was decided to investigate whether this discrepant vaiiation 
\\as due to the influence of any of the following factors (1) the age 
of the patient, (2) the duration of hyperthyroidism, (3) the intensit} 
of h) perthyroidism or (4) associated cardiovascular disease 

1 In order to investigate a possible i elation between the size of 
the cardiac area and the age of the patient, the patients were divided 
into thiee groups according to age in the first those under 29, in the 
second, those fiom 30 to 49, and in the third, those over 50 

Table 1 shows the results of this classification In each column 
undei the number of patients is given the peicentage in relation to the 
total of patients in the group The total number of patients m each 
group, ^^as as follows 93 in the first, 83 in the second and 24 in the 
third 

Comparing the peicentages it can be seen that of those under 29 
}ears half sho^^ed a normal cardiac area, one-third showed slight 
enlaigement and a small number showed great enlargement For those 
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between 30 and 49 yeais of age, these diffeiences lessened and for 
those over 50 the proportions changed, only one-sixth showing a 
normal cardiac area and more than one-third showing great enlargement 
Thus, with these statistical data it can be asserted that the number of 
patients with hyperthyroidism who show enlargement of the cardiac 
area increases with age 

2 In order to investigate the possibility of a i elation between the 
size of the heart and the duration of hyperthyroidism, the patients rvere 
divided into thiee groups according to whether the disease had existed 
(1) for less than one year, (2) for from one to five years or (3) for 
more than five years 


Table 1 — Relation 

of Age to the 

Caidiac 

Aica 






Cardiac Area 


Age Group 

Patients 

/ 

N 

+ 

+ + 

+++' 

Less than 29 years 

93 

44 

47% 

32 

34% 

13 

14% 

4 

m 

Between 30 and 49 j ears 

S3 

32 

3S% 

20 

31% 

12 

14% 

13 

15% 

0^ er 50 

24 

4 

10% 

0 

23% 

2(^0 

9 

37% 

♦ In tables l to 0, K indicates norm'll 
+++I great enlargement 

+, slight enlargement, ++, appreciable enlargement, 

Table 2 — Relation of the Dniation of Hypcithyi oidisin 

to the Cardiac Aica 


Xumber ol 
Patients 


Cardiac Area 


Duration o£ Hjperthyroidlsm 

N 

+ 


+ -*-1-' 

Less than 1 jear 

70 

33 

47% 

Ol 

31% 

11 

13% 

4 

0% 

1 to 5 years 

S2 

32 

39% 

27 

32% 

S% 

If) 

10% 

More thm 5 years 

42 

14 

337o 

14 

33% 

9 

21% 

11% 


Table 2 shows the result of this classification Each column gives 
the number of cases and the corresponding percentage m relation to 
the total number of patients The total numbers were 70, 82 and 42, 
respectively, for the three groups, 6 patients were not included, as the 
time of beginning of the disease in these cases could not be established 
Comparison of the peicentages revealed that as the disease con- 
tinued, the relative number of patients with a noimal caidiac area 
diminished and the number of patients with cardiac enlargement 
increased, but this increase was not regular nor very significant, as can 
be seen by comparing the figures m the last two columns 

Considering the table as a whole, one may assume that there is a 
relation, though indeed not pronounced, between the cardiac area and the 
duration of the hyperthyi oidism 
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3 To examine the possibility of a i elation between the caidiac 
area and the degiee of bypertby i oidism, the patients were divided into 
the three following gioups accoidmg to the basal metabolic late under 
-f- 35 per cent, between +35 per cent and +50 pei cent and abo\e 
+ 50 per cent 

In accoi dance with the system adopted foi the preceding tables, in 
table 3 each column contains the number of patients and the correspond- 
ing peicentage in i elation to the total number of patients in the group 
The totals were 38, 67 and 95, respectively, for the thiee groups 

Examination of the percentages shows that among patients with 
moderate hypeithyioidism, the proportion of normal caidiac aieas was 
relatively gi eater than foi those with more intense hyperthyroidism 
These statistical data suggest the existence of a relation between the 
intensity of hypei thyroidisni and the cardiac area, but it is not suffi- 
ciently decisive to be stated definitely 


Table 3 — Relation of the 

Basal Metabolic 

Rate and 

the 

Caidiac 

Ai ea 


Number of 


Cardiac Area 

A 


Basal Metabolic Bate 

Patients 

N 

+ 

++ 

+++ 

Under +35% 

3S 

21 

55% 

IS 

34% 

0 

5% 

2 

3% 

*}“35 to +50^ 

C7 

o3 

49% 

18 

20% 

10 

14% 

C 

9% 

Above +50% 

95 

2G 

27% 

83 

34% 

IS 

18% 

IS 

18% 


4 The existence of diseases recognized as capable of pioducmg 
enlargement of the cardiac area, particularly aitenosclerotic disease, 
hypertension, rheumatism and lenal disease with hypertension, w^as 
carefully investigated in each case of hyperthyioidism both from the 
clinical and from the roentgenogi aphic point of view The diagnosis 
w^as carefully made and was based on undoubted symptoms Some 
patients had symptoms which indicated that cardiovasculai lesions might 
be presumed to be pi esent, but this point could not be definitely affirmed 
oi denied, m these instances the symptoms were considered as non- 
existent 

A diagnosis of arteiial hypertension was made only for those patients 
in wdiom this condition peisisted after they had lecovered from hyper- 
thyroidism, thus covering the objections of those who maintain that 
hypei thyroidism pei se can cause hj^pertension (Parkinson and Hoyle , 
m only 2 cases of hypei thyroidism, in which the patients ha\e been 
followed for eight and se\en jears, respective!} , and in which cure has 


38 Parkinson, J, and Ho^!e, C Tinrotoxic Hjpertension, Lancet 2 913, 1934 



866 


ARCHIVES OF INTERNAL MEDICINE 


not yet been obtained, was this condition not fulfilled, but the high 
blood pressure in these cases makes the diagnosis certain 

A diagnosis of rheumatism was made only for those patients who 
had an absolutely characteristic history of rheumatic fever or chorea or'of 
aortic reguigitation not due to other known causes or when the existence 
of mitral stenosis was confirmed after recovery from hyperthyroidism 
In this way mistakes due to the frequency and variety of murmurs 
nhich occur during hyperthyroidism were avoided The case of a 
woman who had a greatly enlarged heart was also included, although 
the rheumatic origin could not be proved , this patient was not followed 
afterward, but she died later from an attack of tetany, and pericardial 
eftusion was present at autopsy 

Sclerotic disease of the aorta was noted in 23 cases, arteiial hyper- 
tension in 14, a history of or actual iheuinatic lesions in 19 and 
glomerular nephritis m 4 


Table 4 — Relahou of Associated Diseases to Caidiac Atea 





Cardiac Area 



Xumber of 



- 

■ '■% 

Associated Disease 

Patients 

X 

+ 

-i-4* 

T H 

Sclerotic aortic disease 

23 

3 

5 

s 

7 

Hypertension 

14 


5 

2 

7 

Rheumatism 

19 

2 

3 

9 

5 

Glomerular nephritis 

4 


1 

1 

o 

Totals 

GO 

5 

14 

20 

21 


In table 4 the patients suftering from these diseases are grouped 
according to the size of the heart 

Comparing the total number of patients m the corresponding gioups 
in which some other disease was present as well as h 3 ^perthyroidism. 
It IS seen that 21 (SO per cent) of the 26 patients with gieat enlarge- 
ment of the heait had some associated disease which was admittedly 
capable of producing caidiac enlargement Twenty (66 per cent) of the 
30 patients who had an appreciable enlaigement of the heart had also 
one of the foui pieviously mentioned diseases The peicenlages vere 
reduced to 21 and 6 per cent, respectively, for those with a moderate!} 
enlarged or normal heart 

It can therefore be concluded that the greater numbei of patients 
with hyperthyroidism and enlargement of the heait have some other 
disease which would account foi this enlargement 

5 Twelve patients were studied roentgenogi aphically on tvo 
separate occasions during the disease, the second roentgenogi am being 
taken when the hyperthyroidism was still piesent or even — and this 
must be emphasized — of greater intensity than at the pievious examina- 
tion In table 5 each case is individually analyzed 
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In 7 cases (1 to 3 and 5 to 8) there was no increase in the caidiac 
area during the two years and tlnee months, which was the average 
time which elapsed between the taking of the two loentgenograms 
Case 1 IS worthy of special mention since the second roentgenogram 
was not taken until seven years after the fii st, when the hyperthyroidism 
was clearly worse 

In 3 cases there was a moderate mciease m the size of the heait 
In cases 9 and 10 this coincided with the increase in aiterial hyper- 
tension which was associated with the hyperthyroidism, while in case 
11 the enlaigement was not significant, as the patient also suffeied 
from auricular fibrillation and congestive heart failure 

There remain for consideration cases 4 and 12, in which there was 
considerable increase in the size of the heart after a relatively short 
interval, in the first case this was due to rheumatic caiditis and in 
the second to rapidly progressive glomerular nephritis 

Thus, in none of these cases did hyperthyroidism by itself seem 
capable of producing cardiac enlargement In every case m which 
cardiac enlargement did occur, it could be satisfactorily explained as due 
to some other disease that was present at the same time 

6 Seventy-fom patients were studied roentgenographically a second 
time after they had been submitted to subtotal thyroidectomy, 27 
showed a normal cardiac area, 31, slight enlargement, 7, appreciable 
enlargement, and 9, great enlargement The clinical examination and 
basal metabolic results showed that the hypei thyroidism had been cured 
The interval between operation and the taking of the roentgenogram 
varied greatly, owing to individual circumstances , in some cases, n hen 
the patient had to retuin to the piovince, the interval was scarce!} 
a month, but usually it was more than a year, and in some cases it even 
leached six oi seven years 

On comparison of these roentgenograms and those obtained while 
the patients were under the influence of hyperthyroidism, three types 
of conditions were noted The cardiac area was larger, equal oi 
smaller The cardiac area was considered as not having changed when 
the difference in measurements of the long and of the transveise 
diameter of the heart in the two roentgenograms was less than 0 5 cm 
It IS extremely difficult to take two roentgenograms under exactlv 
similar conditions, since the heart may not be in the same period of con- 
traction and the patient may hold his breath at a diffeient movement of 
respiration , hence, a slight difference in measurement must be 
overlooked 

By using this criterion it was found that after recovery from hyper- 
thyroidism there was no change m the cardiac ai ea in 38 cases, i e , 
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more than half the cases (18 patients had a normal caidiac area 15 
slight enlargement, 4, appreciable enlargement, and 1, great enlaige- 
ment) 

The cardiac area was larger in the second roentgenogram m 23 
cases (8 patients showed a normal area, 10, slight enlargement, 2, 
appieciable enlargement, and 3, great enlargement) In some cases 
there may have been only apparent enlargement, owing to the causes 
previously mentioned, but m others it might have been a true enlarge- 
ment, resulting from the cessation of tachycardia, from the progress 
of preexisting lesions unrelated to hj^perthyroidism or fiom some new 
disease Whatever the reason may have been, no useful knowledge is 
added to tlie pioblem of the so-called thyroid heart because, obviously, 
this enlargement of the cardiac area cannot be a result of the recovery 
from hyperthyroidism 

The cardiac area A\as smaller in the second roentgenogram in 13 
cases In 3 cases the decrease was probably only appaient, since the 
diaphragm was lower than in the original roentgenogram and it is 
known that when inspiiation is deeper the frontal piojection of the 
heart is reduced 

Excluding these, there remain 10 patients (4 wnth slight enlarge- 
ment of the cardiac area, 1 with appreciable enlargement and 5 with 
great enlargement) wdio almost certainly show’^ed a real decrease in the 
cardiac volume, although the cardiac area remained larger in com- 
parison wnth the normal heart Of these patients, 1 had coronary dis- 
ease, 1 had arteriosclerotic aortic disease and congestive heart failure, 
1 had active rheumatism, 1 had a history of rheumatic fever and con- 
gestive heart failure, 4 had permanent auricular fibrillation (3 of these 
also had arterial hypertension and the fourth patient had congestive 
heart failure) In the 4 with auricular fibrillation the sinus cardiac 
ihythm had been established when the second roentgenogram was 
taken, and all with congestive heart failure had recovered or improved 

It appears, therefore, that the patients m whom the heart became 
smaller on recovery from hyperthyroidism almost always showed some 
associated cardiovascular disease, w^hich also explains wdiy, in spite of 
this decrease in size, the heart remained larger than normal, as has 
already been stated 

Thus, in more than half the patients studied, recovery from hyper- 
thyroidism w'as not accompanied wuth modification of the cardiac aiea, 
in about one third of the patients for whom an increase in the cardiac 
area w'as found, this could not logically be attributed to the h}-per- 
thyroidism , the decrease in The cardiac area found in less than one 
seventh of the patients almost always occurred in cases of hyper- 
tlnroidism associated with cardiovascular disease j\Ieyer-BorsteP® 
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Menaid and Hurxthal,®” Rosenblum and Levine and Parade and 
Rahm,^^ who have also made compaiative studies of the cardiac aiea 
before and aftei lecoveiy from hyperthyi oidism, arrived at a similar 
conclusion 

COMMLNT 

An attempt will now be made to rationalize the conclusions which 
were reached 

According to the tables, it has been seen that there exists a rela- 
tion between the cardiac area and certain other factors, none of which 
have such a distinct influence as the coexistence of cai diovascular disease 
This IS so evident that it suggests the possibiht}’- that the undoubted 
influence of age and, in a lesser degree, the influence due to the duration 
and intensity of the hyperth}^ oidism have an effect only when heart 
disease is also present In older to justify this asseition the previously 
mentioned factors will be reconsidered in the same order 

Age — The number of patients over 30 years of age with an appie- 
ciably or greatly enlarged heart was 39, of these, 31 had associated 
cardiOA'^ascular disease These figures need no comment, and it can be 
affirmed that although the pioportion of hyperthyroidism in patients 
with enlargement of the heart increases with age, the lattei is not the 
determining factor This finding is meiely due to the fact that the 
percentage of persons with cardiovascular disease also increases with age 

Dwation of Hyper thyi oidum — The statistical data conceinmg the 
influence of the duration of hyperthyroidism on the heart Avere not con- 
clusive There AA’-as a slight relation betAveen these tAvo factors, but it is 
necessary to examine this point further 

It Avill be lemembered that for 7 patients Avho Avere studied roent- 
genographically tAvice, Avith an aA'eiage of tAvo and one-fourth years’ 
time between the tAvo examinations, there aa as no difference in the cardiac 
area 

The numbei of patients suffering from h}peithyioidism of more than 
one yeai’s standing who shoAA’’ed an appreciably or greatly enlarged 
cardiac area was 37 (table 2), and 27 of these had associated cardio- 
vascular disease 

These observations enable one to deduce that the duration of hyper- 
thyroidism itself IS not the responsible factor in the enlarging of the 

39 Menard, O , and Hurxthal, L Changes Observed in the Heart Shadow in 
Toxic Goiter Before and After Treatment, Ann Int Med 6 1634, 1933 

40 Rosenblum, H, and Levine, S What Happens Eventually to Patients 
with Hyperthyroidism and Significant Heart Disease Following Subtotal Thj^roid- 
ectomy^ Am J M Sc 185 219, 1933 

41 Parade, G W, and Rahm, H Ueber das Verhalten der Herzgrosse bei 
Morbus Basedow nach Schilddrusenresektion, Ztschr f klin Med 126 667, 1934 
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cardiac area Hurxtlial and Menard/' Read and Lerman and IMeans 
ha\e stated that they agree with this, but it is not in accordance with 
the postmortem obser\ations of Kepler and Barnes, wdio found that 
theie was a relation between the increase in weight of the heait, i e, 
hypertroph}, and the duration of hyperth} roidism 

Intensity of Hypei tliyi oidisni — ^The statistical data, as such, do not 
permit the assertion that the intensity of hyperth} roidism is a definite 
factor m the increase in the cardiac area, but these figures become more 
significant when it is realized that 28 of the 36 patients with a basal 
metabolic rate above + 50 per cent and an appreciably or greatly enlarged 
cardiac area (table 3) had associated cardiovascular disease 

It can therefore be affirmed that the intensity of hyperthyroidism 
IS not a factor which causes variations in the size of the heart Kepler 
and Barnes,^* in mentioning the results of many autopsies, said that they 
had observed no relation betw'een the w^eight of the heart and the inten- 
sity of the hyperthyroidism 

A further confirmation of this assertion is found in the gioup of 
patients with thyrocardiac disease (Lahey) who frequently show only 
a moderate increase m the basal metabolic rate but marked caidiopathic 
s} mptoms, particularly enlargement of the heart 

Besides, during a crisis of hyperthyroidism, i e , m maximum h} per- 
thyroidism, cardiac failure, according to Willius and Boothby,^^ Hamil- 
ton and Andrus,^" does not usually occur, as I also have seen m such 
cases Moreover, autopsies on patients with hyperthyroidism w^ho die 
during the crisis do not reveal enlargement of the heart (Cabot “) 

The decrease in cardiac area after recovery from hyperthyroidism 
observed in some cases can be explained in the following way H}per- 
thyroidism imposes extra wmrk, wdnch must be performed b} a heart 
already weakened by cardiovascular disease, wdnch w'as present in almost 
all the patients examined, when hyperthyroidism was cured, the con- 
ditions under wdnch the heart w^orked w^ere improi ed, and the size of the 
heart therefore decreased 

42 Read, M Cardiac Status After Prolonged Thyrotoxicosis, Am Heart R 
8 84, 1932 

43 Lerman, J, and kleans, J Cardioi ascular Sj mptomatology in Exophthal- 
mic Goiter, Am Heart J 8 55, 1932 

44 Kepler, E, and Barnes, A Congestne Heart Failure and H 3 pertrophy m 
H} perthj roidism. Am Heart J 8 102, 1932 

45 Willius, F , and Boothbj , W The Heart m Exophthalmic Goiter and 
Adenoma with H} pertln roidism, M Clm Xorth America 7 189, 1923 

46 Hamilton, B Clinical Notes on Hearts in H\perth\ roidism, Boston AI 
S: S J 186 216, 1922 

47 Andrus, E The Heart in H\ perthj roidism A Clinical and Experimental 
Stud}, Am Heart J 8:66, 1932 
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It can be concluded that age and the duration and intensity of the 
hyperthyroidism are not determining factors in the enlargement of the 
cardiac aiea which is found in some patients with hyperthyroidism 
Mttial Configiaafwn — It has been said by certain authors that the 
cardiac shadow in cases of hyperthyroidism often shows mitral con- 
figuration The frequency of the bulging of the left middle aich was 
examined, only 4 of the 67 patients in whom it was found had mitral 
stenosis The age of the patient, the intensity and duration of hyper- 
th 3 TOidism and the size of the heart had no influence on the production of 
this shape (statistical data are suppiessed) , hence, it can be looked 
on as of constitutional oiigm (Borak,"*® Nemet and Misske and 
Schone and not as mitral configuration due to hyperthjTOidism 
This inteipretation is also supported by the fact that in 26 patients with 
so-called mitral configuration, the lattei persisted when roentgenograms 
were made after recovery from the h)'perthyroidism, theie being a 
decrease in the curvatuie of the left arch in only a few^ cases 


Table 6 — Rclalio)i of Electrocm dwgraplnc Findings to Caidtac Aiea 





Cardiac 

Irea 



Number of , 


* 


" ■ - '\ 

Electrocardiographic Findings 

Patients 

N 

T 

++ 

T-^ + 

Normal 

lOS 

55 

07 

11 

5 

Auricular fibrillation 

13 

1 

2 

5 

5 

Auricular fibrillation and left axis deviation 

7 


1 

1 

5 

Left axis deiiation 

39 

11 

10 

9 

9 

Disturbances of conduction 

U 

1 

2 




Elecii ocai dwgi aphy — The analysis of the electrocai diograms 
obtained foi patients suffering from hyperth)’’roidism does not come 
wuthin the scope of this paper, but it is inteiesting to examine briefly 
the electi ocardiographic records of the patients for wdiom roentgeno- 
grams w^ei e also made 

In 170 cases an electrocardiogram w'as taken , in 108 the tracing 
was noimal and usually showed only sinus tachycardia, in 20 cases 
there w^as auiicular fibrillation, accompanied in 7 cases with deviation 
of the electrical axis to the left In 35 cases theie w^as only deviation 
to the left of the electrical axis, with ventricular extrasystoles in 4 
cases and finally in 3 cases, disturbances in the intraventricular 
conduction 

In table 6 the patients foi whom electrocardiograms w’-ere made are 
grouped according to the size of the heart It can be seen that there 

48 Otten Kerr and Hensel Rosier Meyer-Borstel -® Parkinson and 
Cookson Cookson Peserico 

49 Borak, J Fortschr a d Geb d Rontgenstrahlen 32 137, 1924 

50 Nemet, G Zur Kenntnis der “Mitralform” gesunder Herzen, Klin 
Wchnschr 2 348, 1923 
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were relatnely few patients with a normal electrocardiogi am among 
those with an appreciably or gieatly enlarged cardiac area and these 
usually showed auricular fibi illation or dcMation to the left of the 
electrical axis This is a natural finding, since as has been shown, the 
majority of the patients with hypeithyioidism in these gioups ha\e 
antecedents of rheumatic fever or also sufter from arteiial hypertension 
or degenerative aortic lesions 

In 64 cases another electrocai diogram was made wdien the h}pei- 
thyroidism had been cured, and it was found that the tachycardia m 
almost all cases had disappeared In 9 cases m wdiich theie had previ- 
ously been fibrillation, the sinus rhythm was reestablished, but in the 
rest of the cases the records did not show any substantial change In 
those cases in -which there was some disturbance of the inti a\ enti icular 
conduction, the electrocardiogi am \vas not modified 

Thus, there is therefoie a suggestive parallel between the electro- 
caidiogiaphic and i oentgenographic findings, as both demonstiate the 
absence of an organic lesion which can be asciibed to hypeithyroidism, 
since m the cases in which there is modification, usually some other 
cardiovascular disease is present which can account for it 

SUMMARY 

Hypeithyroidism brings about slight or no inciease of the caidiac 
area 

When the caidiac area is inci eased m a patient suffering fiom hyper- 
thyroidism, this IS due to some cardiovasculai disease that is also 
pi esent 

Recovery from hypeithyroidism is only m a minor iiumbei of cases 
accompanied with i eduction of the caidiac area, wdiich to a certain extent 
IS a confiimation of the first two conclusions 

Ceitam objections may be brought forw^aid and must be discussed 

1 This wmrk is based on the results of teleroentgenogi ams taken 
in fiontal pi ejection, thus measuiing the size of the heart in one plane 
only If, how^ever, hyperthyroidism causes some change in the volume 
of the heait, it is leasonable to think this w^ould be complete and there- 
fore appaient in any plane examined The possibility that bulging of 
the left middle arch is due to partial and incipient dilatation has been 
discai ded 

2 Teleroentgenogi aphy does not offer an accurate method of measur- 
ing the cardiac area, since changes of less than 10 per cent aie not 
registeied Because of this the possibility that the cardiac aiea may 
be somewhat enlarged in cases of h 3 ^perthyroidism has not been denied 
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3 Stewai t and Hamilton have asserted that tachycai dia causes 
a decrease in the size of the heart, in which case, since the majority of 
patients with hyperthyroidism sutfei fiom tachycardia, this would hide 
the real increase in volume These authois, however, have only men- 
tioned patients with tachycai dia of short duiation, and it is unlikely 
that this conclusion can also be applied Jn cases of long-standing 
tachycardia 

4 The patients with moderate caidiac enlargement have not been 
sufficiently taken into account m foimulatmg the foregoing conclusions 
Since in only a fourth of these patients could some other cardiovascular 
disease be demonstrated, it might be supposed that precisely this 
model ate enlargement is the lesult of hyperthyi oidism Definite conclu- 
sions, however, are not possible legaiding a gioup of patients with so 
many doubtful types of conditions 

CONCLUSIONS 

Hypei thyroidism pel se does not cause enlaigement of the cardiac 
ai ea 

When a patient with hypertl^roidism has an enlarged cardiac area, 
it must be assumed that this is due to some other cardiovascular disease 
that IS also present 

Hyperthyroidism can cause enlargement of the cardiac area when 
there is associated cardiovascular disease 

Recovery from hyperthyroidism in such cases may be accompanied 
with a decrease in the size of the heart, and apart from these cases, 
recoveiy from hyperthyroidism is not accompanied with changes m the 
cardiac area 

The bulging of the left middle arch that is frequently encounteied 
in patients with hyperthyroidism is of constitutional origin and is not a 
lesult of hyperthyroidism 

51 Stewart, H , and Hamilton, C The Effect of Regular and Irregular 
Tachj’-cardias on the Size of the Heart, J Chn Investigation 3 483, 1927 
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RELATION BETWEEN THE BLOOD IODINE LEX’LL AND THE DURATION 
OF SYMPTOMS IN THREE HUNDRED AND FIX’E CASES 

H J PERKIN, MA 

AND 

FRANK H LAHEY, :M D 
boston 

Recent in\ estigations concerning the quantitatue estimation ot the 
iodine content of tlie blood have led to a better understanding of the 
metabolism of iodine in goitrous conditions Evidence has been brought 
forward to show that the lodme lex'el of the blood is elexated in 
approximate!} 70 per cent of the cases of clinical hyperthyroidism, 
m tlie remaining 30 per cent the lex'el is xvithin the range of normal 
In former communications" the obserx’ation xxas made that in the 
greater proportion of cases of li} perthyroidism in xx’hich the iodine 
content of the blood xxas normal tlie response to therap} xxas less 
fax’orable tlian m the cases in xxhich the iodine content xxas elevated 
The duration of hyperthyroidism is recognized clinically as influencing 
tlie therapeutic response, in that patients xx’ith th}rotoxic s}mptoms of 
long standing usually react less fax’orabl} to treatment than do those 
xxitli a history of recent onset of these s}mptoms On the basis of the 
foregoing climcal and laboratorv’ exidence, it seemed reasonable to 
hx-pothesize a relation betxveen the concentration of iodine in the blood 
and the duration of the sxTidrome of hyperth}TOidism The purpose of 
tlie present stud}’- xvas to ascertain xx’hether this supposition xx as tenable 

METHOD OF STUDY 

One must concede that climcal opinion is subject to x’ariation con- 
cermng the duration of hyperthyroidism in many cases For this reason 
only those cases xx^ere included in xxhich there was agreement xx’ith 

From the Research Foundation and the Department of Surgerj-, the Lahe} 
Clinic, 

1 Perkin H J Lahey, F H, and Cattell, R B • Blood Iodine Studies 
in Relation to Thj-roid Disease Basic Concept of the Relation of Iodine to the 
ThxTOid Gland, Iodine Tolerance Test, New England J i\Ied 214*45 (Jan 9) 
1936 

2 Perkin, H J . The Value of Blood Iodine Estimation in the Diagnosis of 
H 3 -perth 3 Toidism, S Clm North America 15 1625 (Dec.) 1935, The Value of 
Blood Iodine Estimations in the Treatment of Qinical Hi*perthvroidism, ibid 
16 1509 (Dec) 1936 
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respect to the onset of the initial symptoms In the majority of cases the 
criteria used to establish the time of onset of the disability were a 
history of loss of weight, associated with a good appetite, hyper- 
excitability and irritability , proti usion of the eyes , tremor , palpitation, 
and dyspnea dating from a known expeiience Continued loss of weight 
following the use of a i educing diet or mental stress due to a specific 
incident was considered to designate the initiatoiy phase in a few 
instances 


r 

7? 

lT 



“ 


- 


“ 

* 


■ 

■1 

~ 



- 







mm 

m 

raa 

m 

ai 



1 , 1 

““ 



r 



— 



, - 

r 

L — 


1 

■ 

■ 

■ 

■ 

■ 

■ 

1 


ij 

■ 



■ 

1 

.J 

J 

J 


■ 

■ 


■ 

1 

I 

■ 

■ 

■ 


i_ 

IL 



■ 

■ 

1 

■ 



1 



! 

! 


m 

a 


1 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

J 

■ 


9 

■ 

■ 

■ 




1 

■ 


■ 

■ 

1 

■ 

■ 

■ 



J 



■ 

■ 

1 

■ 



1 

1 


■ 

la 

la 

la 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

9 

■ 

■ 


■ 


■ 

■ 

■ 

1 



■ 

I 

■ 

g 

■ 

■ 

1 

■ 

■ 

■ 

■ 

■ 

ai 



■ 

■ 

■ 

■ 

■ 


1 

1 

a 

la 

■ 

la 

m 

la 



L 


■ 


■ 

1 

■ 

1 

■ 

■ 


■ 

■ 

■ 

1 

L 


I 

■ 

1 

I 

■ 

■ 

I 

■ 

■ 

■ 



I 










\ 


la 

m 

la 


J 

. 

4d 



□ 


L. 

n 

! 

MM 

1 

■ 






■ 

■ 

nCLATIONSH/P BETWEEN THE BLOOD IODINE 

<0 

u 

1 

■ 

■ 




1 

■ 

■ 

1 

1 


1 

■ 

1 

■ 

■ 

■ 

■ 

■ 

■ 








1 


■ 

1 

■ 

■ 

■ 



LE\^£L AND THE DURAT/ON OF SYMPTOMS IN 

_j 










1 

■ 

1 

1 

1 


! 

1 




■ 

■ 

■ 


9 

■ 

■ 


I 

■ 

I 

■ 

I 

■ 

I 

II 

VJ 

o 





9 

■ 

■ 

1 

■ 

■ 


■ 

■ 

9 

■ 

I 

■ 




1. 



Ll 

L. 




1 

J 

J 





J 






u 


1 1 

■ 




■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

1 



m 

■ 

■ 

a 

n 

1 

■ 

■ 

1 

■ 

■ 


J 

r 

1 

■ 

■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 




a 

a 

fi 





■ 

■ 

■ 

■ 

■ 



■ 

■ 

■ 

■ 

■ 


■ 

■ 

1 

■■ 


■ 

■ 

1 

■ 

■ 




1 

■ 

■ 

1 


■ 

■ 

■ 

■ 

1 

■ 

■ 




iB 

a 

1 




■ 

■ 

■ 

■ 

■ 

■ 


■ 

I 

■ 

■ 

■ 

! 


■ 

1 

aa 


■ 

■ 

■ 

■ 

■ 

■ 


u 

■ 

■ 

■ 

1 


■ 

■ 

■ 

1 

1 

■ 

■ 

a 

n 

a 

a 

i 

i 







■ 



■ 

■ 


■ 

■ 

■ 

■ 

■ 

1 


■ 

I 

Ea 

■ 

■ 

■ 


■ 

■ 




■ 

■ 

■ 

I 





, 








I ] 

_ 




■ 

■ 

■ 

■ 

■ 

■ 









■ 

1 


1 


u 


J 


■ 

■ 

■ 

■ 

J 

_j 

_j 

■ 



J 

M 

L 

■ 

1 

■ 

a 

a 

a 

a 

a 

a 

1 

2 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 









■ 

■ 


1 





■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 






■ 

1 

1 




E 

a 

a 

9 

■ 

■ 

9 

■ 

■ 

■ 

1 

■ 

1 


■ 




■ 


■ 

a 


■ 





■ 

■ 






■ 

■ 






■ 

■ 

1 


r 


a 

aa 

1 

■ 

■ 

1 

■ 

1 

■ 

1 

■ 

■ 






1 


■ 

1 


■ 



n 



■ 

■ 


■ 




■ 




r 








a 

aa 

■ 

■ 

■ 

■ 

■ 

1 

9 

■ 

■ 

■ 









■ 








■ 

■ 


■ 

■ 

■ 

■ 

■ 





■ 

■ 

1 


a 

a 


E 

BB 




■ 

■ 

■ 

m 

■ 

1 

a 






■ 

a 


a 






■ 


a 

a 


a 

■ 

a 

a 

E 






a 

a 


a 

a 


a 

aB 


■ 

■ 

■ 

■ 

m 

•I 

■ 

■ 

m 

■ 

B 

I 


■ 

1 

■ 

9 

a 

a 

a 

a 



a 


a 

1 


a 

a 


a 

fi 

a 

a 

a 






B 

a 


a 

a 


a 

aa 

■ 

a 


■ 

■ 

a 



1 

■ 

a 

a 

a 





a 


a 

B 


a 

a 


a 

B 

a 

a 

a 






E 

a 


a 

a 


E 

B" 

■ 

■ 

■ 

■ 

■ 

i 

m 

■ 

n 

■ 


■ 

J 

a 

a 

S 

g 





a 


a 



a 

E 


B 

E 

a 

fi 

E 






a 

a 


E 

fi 


a 

EE 



1 

■ 

■ 





■ 


■« 


■ 

11 

s 

B 

a 

a 





a 


E 

■ 


a 

a 


a 

a 

a 

a 

a 






a 

a 


a 




in 







u 

■ 

■ 


j 









J 

u 

L 



a 

■ 


a 

a 


a 


_j 


J 



a 





u 

a 

a 

a 

a 

aa 


3 

■ 





a 

■ 
















a 

i 


a 

a 


a 


a 

a 




4 



a 



a 

a 

a 

E 

aa 


■ 

h 





3 


m 

■ 


>1 

■ 






a 

a 



a 

i 


a 

1 




a 

a 

a 






E 


a 

a 

a 

a 

aa 

■ 

■ 


9 



3 

m 


g 

■ 









a 

a 

*1 


a 



a 





a 

a 







a 

' 

a 

mui 

B 


a 






a 



■ 


t. 

1 



n 

_ 

. 

E 








a 

B 

a 







a 





L 

a 

aa 

a 

n 


i 


41 



s 

E 






> 

a 

a 

•1 

a 

a 

a 

a 

a 

a 

B 

a 



n 


r 


J 

s 







a 

a 

aa 

5 

a 


Ifl 



Ip 

■ 




m 

a 

a 

m 




a 

a 

I 

a 

a 

m 

a 

B 

4 

a 

E 

> 




M 










a 

a 

aa 

¥ 

i 


3 



4 

■ 




a 

■ 

B 

a 




a 

I 

m 

E 

a 


a 

a 


[j 


a 

a 

a 


.1 

J 



J 









1 

u 

3 



wm 



■ 


a 

■ 

a 

a 



t 

a 

B 

4 

E 

a 

a 

a 

B 


J 



a 

a 




a 

a 

a 

a 


n 



1 






4 




■ 



■ 



■ 

i 





a 

a 

a 

a 

a 

H 

a 

a 

a_ 



4 

a 

B 

m 

. 1 


a 


a 

a 




n 

j 

BLOOD / 

mm 

■ 

■ 




1 




■ 


■ 

■ 


a 






a 

a 

a 

a 

a 

a 

a 

a 

a 


_! 




a 

a 

a 




a 

a 

a 

a 

a 

a 


■ 

■ 

■ 


■ 

■ 

E 




■ 



■ 


B 






9 

a 

a 

a 

a 

a 

B 

a 

B 


u 




5 

a: 

IP 

a 

k 

a 

a 

3 

a 

B 

s 

a 

a 

■ 

■ 

■ 


■ 

■ 







a 

■ 

■ 

a 




j 


a 

a 

a 

E 

a 

a 

1 

a 

a 


L 




m 

m 




4 

a 

a 

a 

a 

a 






■ 





■ 

■ 

a 

■ 






1 

a 

a 

a 

a 



B 


E 











r 

a 

4 

a 

B 

5 

a 

□ 



■ 



■ 





■ 

■ 

■ 

■ 








a 

a 

E 



a 

a 

a 






f*" 

J 








a 

i 





■ 

■ 


■ 





■ 

■ 

■ 

a 

■ 

a 




a 


B 

E 

a 


h 


4 

a 



a 

a 





a 

a 






E. 




■ 

a 


a 








E 

a 

g 

a 

a 


a 


a 

a 

a 


a 

a 


a 



B 

a 


b. 



3 

E 


4 

~1 


4i 

a: 




a 

E 


E 



1 


■ 

■ 

■ 

■ 

E 

a 

a 

a 


a 


E 

a 

a 


L_ 



a 



E 

B 




a 

a 

a 


4 


a 

5 

ai 




i 

■ 


■ 



i 


■ 

■ 

■ 

■ 

■ 

E 

a 

i, 


a 


B 

a 

a 







a 

a. 

a 


-I- 

m 

a 

a. 

a 

a^ 


a 


ai 

a 

a 




■ 

■ 


■ 


■ 




■ 


a 

a 

a, 


a 

a 

a 





r 



a 

a 


□r 


a: 

a 

E 

a 


E. 

a 

a: 

B 

a 


L 

1 

OUftA 

T/OAI 

3MO 
W AfO 

4 MO 

A/r/ys 

SMO 

7 MO 

SMO 9MO 

/oMo 

tlHO 

lY/I 

OU»A 

r/o/v / 

3>Vf 

M rcA 

^y/9 
3£ 



Chart showing the relation between the blood iodine level and the duration of 
symptoms in 305 cases of primary hyperthyroidism 

The series of 305 patients (267 women and 38 men) included in the present 
report was comprised exclusively of patients with primary hyperthyroidism (exoph- 
thalmic goiter) None of the patients, so far as could be determined, had received 
iodine or other treatment prior to coming under observation at the clinic The 
provisional clinical diagnosis of hyperthyroidism was substantiated in every case 
by basal metabolic tests when the patient was admitted to the hospital and during 
preoperative medication with iodine, by the histopathologic appearance of the 
excised thyroid tissue and by examination three months after operation Before 
treatment was begun, blood was collected for iodine analysis 

From the data collected, the iodine level of the blood was plotted against the 
duration of symptoms in individual cases 
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RESULTS OF STUDY 

Analysis of the lesults, as shown in the accompanying chait, indi- 
cated that the duiation of the symptoms of hyperthyi oidism vaiied 
from one month to five yeais Although the distribution of cases -was 
not uniform throughout the entire period, there was consideied to be a 
1 epi esentative numbei at each monthly inteival to one yeai and at 
each yearly interval to five years 

From the accompanying chart it will be seen that of the 163 cases 
111 which symptoms of hypeithyroidism had been piesent up to nine 
months, the iodine content of the blood was elevated in 141 (86 per 
cent) and normal m 22 (14 per cent) ^ Approximately half the values 
fell within the normal range in cases in which the duiation of the 
symptoms was fioni nine to eleven months Of the 122 cases in which 


Sitmmaiy of Data 


Duration of 


Average Basal 

Average Iodine 
Content, 

Symptoms, 

dumber of 

Metabolic 

Micrograms, 

Months 

Oases 

Bate, % 

per 100 Cc 

1 

20 

+48 

18 8 

2 

27 

+52 

18 0 

3 

22 

+50 

17 0 

4 

21 

+50 

17 0 

5 

17 

+41 

15 0 

6 

22 

+45 

15 5 

7 

12 

+42 

16 0 

8 

11 

+44 

14 6 

9 

11 

+47 

14 0 

10 

9 


no 

11 

11 

+46 

97 

12 

60 

+45 

88 

24 

38 

+42 

87 

36 

10 

+44 

82 

48 

8 

+38 

83 

60 

6 

+43 

74 


symptoms of hypeithyioidism had been present foi one year oi longer, 
the iodine content was elevated in 36 (29 per cent) and normal in 86 
(71 per cent) 

The foregoing findings aie consideied to indicate a tendency foi the 
iodine content of the blood to be within the normal range in cases in 
which symptoms of hyperthyroidism had been present for one year or 
longer The geneiahzation might be drawn that the iodine level decreases 
as the duration of hyperthyroidism increases Corroboiative evidence 
in favor of this view is illustrated by averaging the iodine values and 
the metabolic rates for each group of cases at each time period (table) 

As seen in the accompanying table the average basal metabolic 
rates were roughly within the same range of elevation throughout the 

3 According to the methods previously described (Perkin, H J Determina- 
tion of Iodine in Blood, Biochem J 27 1078, 1933), 10 micrograms of iodine per 
hundred cubic centimeters of whole blood is considered to be the upper limit 
of normal 
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entire peuod Contrastingly, the aveiage iodine values, which approxi- 
mated twice noimal during the inteival of one to four months, fell 
to a normal level at one yeai and remained normal throughout the 
time which followed The absence of a proportional relation between 
the degree of elevation of the iodine content and the basal metabolic 
rate in cases of clinical hyperthyroidism has been noted by others ^ 
That a correlation, however, is present between the iodine level and the 
duration of symptoms apparently has been overlooked 

COMMENT 

Chemical analysis ® and histologic examination ° of the excised thy- 
roid tissue in cases of h3'perthyroidism in which preoperative iodine 
medication was oi was not given have shown that hyperplastic thyroid 
tissue IS deficient in iodine The recent investigation of Cole and Curtis 
has demonstrated the presence of a negative iodine balance in cases of 
clinical hyperthyroidism Correlation of the aforementioned studies with 
the present observations suggests that when the syndrome of hyper- 
thyioidism has been present for one 3'ear oi longer the iodine content 
of the blood tends to become noimal, in association with a depletion of 
the iodine reserves of the body 

Since the feeding of th3'roid to noimal persons effects some of 
the manifestations chaiacteristic of h3’'perthyi oidism, it is generally 
assumed that spontaneous h3'perth3'^roidism is i elated to an excessne 
amount of secretion from the thyroid gland In the piesent study such 
a view might find application when the iodine level is elevated, as in 
the cases in which theie was a history of shoit duration However, 
it IS difficult to conceive that an excessive amount of lodine-containing 
products IS produced by the th3U0id gland in cases of h3'-perth3’^roidism 
of long standing when the lack of iodine is evident 

4 Elmer, A W , and Scheps, M Iodine Content of Blood and of Urine 
and Basal Metabolic Rate Their Value in Diagnosis of Function of Thj'roid 
Gland, Acta med Scandinav 82 126, 1934 Curtis, G M , Cole, V V , and 
Phillips, F J The Blood Iodine in Th 3 moid Disease, Tr Am A Study Goiter, 
1934, p 142 

5 Cattell, R B The Pathology of Exophthalmic Goitre Histological and 
Chemical Study of Changes Following Administration of Iodine (Lugol’s Solu- 
tion), Boston M & S J 192 989 (May 21) 1925 

6 Marine, D , and Lenhart, C H Further Observations on the Relation 
of Iodine to the Structure of the Thyroid Gland in the Sheep, Dog, Hog and Ov, 
Arch Int Med 3 66 (Feb ) 1909 Cattell, R B The Relation of Iodine to the 
Human Thyroid Gland in Certain of Its Pathological States with Especial Refer- 
ence to the Changes in Exophthalmic Goitre After Lugol’s Administration, Proc 
New York Path Soc 25 128, 1925 

7 Cole, V V, and Curtis, G M Human Iodine Balance, J Nutrition 10 
493 (Nov) 1935 
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On the basis of hypersecretion from the thyroid gland manifested m 
cases in which the iodine content of the blood is elevated, the favorable 
response to subtotal thyi oidectomy is apparent Further explanation 
IS necessaiy with regard to a similar response m cases in which the 
thyioid gland is deficient in iodine and the iodine content of the blood 
IS normal Since m many cases the syndrome of clinical hyperthyroid- 
ism cannot be attributed solely to hypersecretion of lodine-contaming 
products from the thyroid gland, other factois must be consideied 

SUMMARY 

The iodine level of the blood has been con elated with the duration 
of the symptoms in 305 cases of primaiy hyperthyroidism (exoph- 
thalmic goitei) in which tieatment had not been given 

The iodine level of the blood is elevated m the majority of cases 
of hypeithyioidism m which symptoms have been present from one to 
nine months 

The iodine level tends to fall within the noimal range when the 
syndrome of clinical hyperthyi oidism has been present for one yeai or 
longer 

The theoretical aspects of the piesent results have been discussed 



PAPILLEDEMA ASSOCIATED WITH SUBARACHNOID 

HEMORRHAGE 

AN EXPERIMENTAL AND CLINICAL STUDY 
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W E FRY, MD 

PHILADELPHIA 

Papilledema occurs in many but not all cases of inci eased inti acranial 
pressure Satisfactory criteria haA^e not as yet been established to 
differentiate between cases of increased cerebrospinal fluid pressure m 
AAdnch papilledema occurs and those in Avhich it does not Efforts to 
set up such ciiteria follow one of tAvo lines (1) The important factor 
IS the degree of the intracranial hypertension and its duration (2) The 
important factor has to do AAUth the mechanism of the production of 
papilledema 

The present study deals Avith the occurience of papilledema in cases 
of subaiachnoid hemorrhage During the past seA'en years this diagnosis 
has been made for eleA'^en patients in the medical Avards of this hospital 
(table 1) In all these cases bloody or xanthochromic spinal fluid AA'^as 
found In eight cases the pressure AA’-as recorded as ranging from 220 
to 400 mm of Avater In the three other cases readings of the mano- 
metric pressure Avere not obtained, but the pressuie AA^as thought to be 
increased The eyegrounds have been carefully obserA'^ed in these cases 
at interA'als after the original attack varying from four days to four 
years, and in no instance has there been papilledema We believe that 
the leA'^el of the spinal fluid pressure and the duration of obserA^ation 
have been sufficient for papilledema to have occurred if indeed its appear- 
ance depends only on factors of pressure and time 

It has been possible to collect from the literature reports of one 
hundred and eighteen cases of subarachnoid hemorrhage in Avhich satis- 
factory ophthalmoscopic examinations Avere recorded ^ The disks Avere 

*Atwater Kent Fellow in Medicine 

From the Robinette Foundation, the Medical Clinic of the Hospital, the 
Department of Ophthalmology and the Pepper Laboratory of the Universit 3 ’- of 
Pennsylvania 

1 (a) Leopold, S Spontaneous Subarachnoid Hemorrhage, JAMA 
63 1362 (Oct 17) 1914 (b) Neal, J B Spontaneous Meningeal Hemorrhage, 

ibid 86 6 (Jan 2) 1926 (c) Symonds, C P Spontaneous Subarachnoid Hemor- 


(Footnote continued on next page) 
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normal in seventy-eight (66 per cent) of these one hundred and eighteen 
cases, and papilledema was recorded as definitely present in twenty-four 
cases (20 per cent) The condition m the remaining sixteen cases (14 
per cent) must be regarded as equivocal They include cases legarding 
which such statements as the following were made “There was a faint 
suggestion of beginning choking at the nasal bolder of the left disk” 
“The disks were hazy, probably slightly beyond physiologic limits ” In 
cases in which the findings were listed as equivocal, one must conclude 
that the authors were uncertain as to whether papilledema was actually 
present or not Information with respect to readings of the manometiic 
pressure of the spinal fluid or duration of observation is not adequate 
to permit analysis of these cases further However, we have attempted 
to 'consider in more detail the cases in which papilledema was definitely 

rhage. Quart J Med 18 93 (Oct ) 1924 (d) White, W H Two Cases of 

Intracranial Aneurysm m Young Adults, Tr Clin Soc London 28 5, 189S (c) 
Doubler, F H, and Marlow, S B Hemorrhage into Optic Nerve, Arch Ophth 
46 533 (Nov ) 1917 (/) Weber, F P , and Bode, O Spontaneous Subarachnoid 

Hemorrhage with Recovery, J Neurol & Psychopath 7 39 (July) 1926 (g) 

Duncan, D H , and Mathews, W R Spontaneous Subarachnoid Hemorrhage, 
New Orleans M & S J 86 804 (June) 1934 (h) Subarachnoid Hemorrhage, 

Cabot Case 20171, New England J Med 210 918 (April 26) 1934 (t) Laurent, 

L P E Spontaneous Subarachnoid Hemorrhage, Clin J 62 330 (Aug ) 1933 
(;) Hyland, H H Spontaneous Subarachnoid Hemorrhage, Canad M A J 
29 145 (Aug ) 1933 (k) Page, J A Spontaneous Arachnoid Hemorrhage, 

Lancet 1 637 (March 25) 1933 (/) Russel, C K Spontaneous Subarachnoid 

Hemorrhage, Canad M A J 28 133 (Feb ) 1933 (;;i) Schwenkenberg, A J 

Spontaneous Subarachnoid Hemorrhage, Texas State J Med 28 814 (April) 1933 
(n) Shaw, M E Spontaneous Subarachnoid Hemorrhage from Congenital Intra- 
cranial Aneurysm, Lancet 1 138 (Jan 21) 1933 (o) Douglas-Wilson, H , Miller, 

S , and Watson, G W Spontaneous Subarachnoid Hemorrhage of Intraspinal 
Origin, Brit M J 1 554 (April 1) 1933 (/>) Fuller, H Spontaneous Sub- 
arachnoid Hemorrhage, J Florida M A 19 168 (Oct ) 1932 (q) Blackford, 

S D Spontaneous Subarachnoid Hemorrhage, Virginia M Monthly 59 1 (April) 
1932 (i ) Dyson, J E Spontaneous Subarachnoid Hemorrhage in Childhood, J 
Iowa M Soc 22 223 (May) 1932 (s) Strauss, I , Globus, J H , and Ginsburg, 
S W Spontaneous Subarachnoid Hemorrhage, Arch Neurol & Psj^chiat 27 
1080 (May) 1932 (t) Laederich, L , Favory, A, and Mamou, H Un cas 

d’hemorragie meningee compliquee d’hemorrhagie des games du nerf optique, Bull 
et mem Soc med d hop de Pans 54 616 (April 14) 1930 (ii) Cubitt, A W 
Spontaneous Subarachnoid Hemorrhage with Korsakoff’s Psychosis, Brit M J 
2 212 (Aug 9) 1930 (v) Riddoch, G, and Goulden, C Relationship Between 

Subarachnoid and Intraocular Hemorrhage, Brit J Ophth 9 209 (May) 1925 
(zv) Cookson, H Spontaneous Subarachnoid Hemorrhage, Brit M J 1 555 
(April 1) 1933 (^) Hall, A J Spontaneous Subarachnoid Hemorrhage, Lancet 

1 1135 (May 28) 1932 (y) Mclver, J , and Wilson, G Spontaneous Subarach- 
noid Hemorrhage, J A M A 93 89 (July 13) 1929 (c) Byers, R K, and Hass, 

G M Thrombosis of Dural Venous Sinuses in Infancy and in Childhood Am 
J Dis Child 45 1161 (June) 1933 
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present, and these will be taken up again later At this point it may be 
concluded that ( 1 ) papilledema did not occur in oui eleven cases, though 
the degree of elevation of the inti acranial pressure and the period of 
observation appeared adequate, and that (2) it did not occur in a con- 
siderable percentage (66 per cent) of the cases reported in the hteiature 
An experimental appioach to the problem was undertaken It is 
possible to pioduce subaiachiioid hemorihage in the rat by thiusting a 
needle through one of the cianial sinuses When the skin is letracted, 
the superioi longitudinal and lateial sinuses aie visible through the thin 
skull cap This method was described in a pievious publication on 
the staining qualities of led blood cells m spinal fluid- After the 


Table 1 — Data Concomng Eleven Cases of Snbaiachnoid Hemorrhage 
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tient 

^o 

Age 

Sex 

Previous 

Attack 

Duration of 
Observation 
After 
Attack 
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Fluid 

Blood 
Pressure, 
Mm He 

Outcome 

Diagnosis 

Confirmed 

at 

tutopsy 

Eje 

grounds 

1 

29 

M 

No 

S dajs 

Bloodj 

122/ 72 

Died 

Tes 

Normal 

0 

70 

M 

No 

17 dajs 

Xanttio 

140/ C3 

Recoj ered 


Normal 

o 

■o 

44 

M 

Tes 

4 jr 

chromic 

Bioodi 

123/ 90 

Rceojered 


Normal 

4 

74 

r 

No 

5 da\s 

Bloodi 

220/114 

Died 

^0 

Normal 

J 

42 

r 

No 

20 davs 

Bloodi 

145/ 90 

Died 

^0 

Normal 

G 

36 

JX 

Xes 

10 dais 

Bloodi 

ISC/ 90 

Recovered 


Normal 

7 

50 

M 

No 

8 days 

Bloodj 

130/ 90 

Died 

>0 

Normal 

s 

44 

M 

No 

7 dajs 

Bloody 

120/ 70 

Recovered 


Normal 

s 

45 

M 
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2br 

Bloodj 


Died 

les 

Not ex 

0 

57 

r 

No 

10 dajs 

Bloodj 

152/ 90 

Recovered 


amincd 

Normal 

10 

43 

M 

No 

G dajs 

Bloodj 

125/ 85 

Died 

kes 

Normal 

11 

j4 

M 

No 

4 dajs 

Bloodj 

195/115 

Died 

^0 

Normal 


pioduction of such a hemoiihage, red blood cells aie found in abundance 
in fluid obtained by cisternal puncture foi foity-eight hours oi moie 
aftei the operation 

The rationale of oui fuithei expeiimental proceduie is based on 
uoik previously reported ^ The piincipal points may be summarized as 
follows 1 Injection of a suspension of colloidal kaolin into the 
cisteina magna of a normal albino rat causes (a) an increased spinal 

2 Griffith, I Q, Jr Roberts, E, and Jeffers, W A Staining Technique 
for Blood in Spinal Fluid, J Lab & Clin Med 21 1208 (Aug ) 1936 

3 Griffith, J Q , Jr , Jeffers, W A , and Lindauer, M A Study of Mecha- 
nism of Hypertension Following Intracisternal Kaolin Injection in Rats, Am J 
Physiol 113 285 (Oct) 1935 Griffith, J Q , Jr , Jeffers, W A , Fewell, A G, 
and Fry, W E Communication and Direction of Flow Between Cerebrospinal 
Fluid and Optic Discs in the Rat, Am J Ophth 20 457 (May) 1937 Jeffers, 
W A , Griffith, J Q , Jr , Fry, W E, and Fewell, AG An Experimental Study 
of Choked Disc in the Rat, ibid 20 881 (Sept ) 1937 
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fluid pressuie, langing fiom 260 to 300 mm of water, as compared with 
the normal of less than 100 mm , and (&) a vasculai hypertension 
of 170 to 300 mm of meicuiy, as compared with a noimal blood 
piessure of less than 150 mm 

2 Such rats, called for convenience kaohn-hypertensive rats, show 
no changes in the fundus on ophthalmoscopic or slit lamp examination oi 
on histologic section of the eye 

3 If colloidal thoiium dioxide is injected into the cisterna magna 
of a normal rat, in tliiity minutes it can be seen i oentgenographically 
(a) in the ceivical lymph nodes and (&) along the optic tiacts and 
nerves after decapitation and after decalcification of the skull On 
histologic examination it is found to he in the peiineural space of 
the optic nerve 

4 If thorium dioxide is injected into the cisterna magna of a kaolm- 
hypei tensive rat, it does not pass m sufficient quantities to appeal in 
1 oentgenograms taken eithei of the cervical lymph nodes or of the optic 
nerves but remains indefinitely in the ceiebiospinal space and ventiicles, 
where it is visible roentgenographically On histologic study it is eithei 
absent fiom the perineuial space of the optic nerve oi piesent in 
gieatly diminished quantity 

5 If a sarcoma is implanted successfully into the cerebellum of a 
normal lat, changes will occur in the eyes as follows (a) On ophthal- 
moscopic examination the veins aie greatly distended, and there is a 
suggestion of edema of the disk This is difficult to evaluate because of 
the absence of pigment in the albino and, in addition, because the 
tiequent coineal haze makes examination difficult (&) By slit lamp 
examination of the enucleated eye with the contents removed the ele- 
\ation of the disk is confirmed (c) By histologic section the venous 
engorgement and the appearance of edema are confirmed This, con- 
dition IS thought by us to coi respond to papilledema in man 

6 When a similar tumoi is implanted into a kaolm-hypertensive 
lat, no fun dal changes occui 

We have therefore concluded that kaolin in the cerebi ospmal space 
(1) blocks the passage of thoiium dioxide along the perineural space 
of the optic nerve and (2) prevents the occurrence of fundal changes 
e\en in the presence of a growing tumor of the brain We believe 
the evidence justifies the assumption that, at least in the lat, papill- 
edema cannot occur if the perineural space is not patent and that a 
test for this patency is the ability of thorium dioxide, introduced into 
the cistern, to enter this peiineuial space in considerable amounts We 
believe that red blood cells m the cerebrospinal fluid might act like 
kaolin in blocking the peiineural space 
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EXPERIMENTAL METHOD 

TA\enty normal albino rats were used With the animal under ether anesthesia, 
a small trephine opening was made over the superior longitudinal sinus A fine 
needle was inserted through the sinus to a depth of about 2 mm and withdrawn 
Free external bleeding occurred Six of the animals had a single subarachnoid 
hemorrhage, while fourteen had three hemorrhages at three day intervals Oph- 
thalmoscopic examination was made at intervals All were finally given an 
mtracisternal injection of thorium dioxide, six at the end of the fourth day and 
fourteen at the end of the tenth daj"^ The thorium dioxide was given as follows 
With the animal under ether anesthesia, cisternal puncture was performed, and 
0 05 cc of spinal fluid was withdrawn An equal amount of thorium dioxide was 
injected At the end of twenty-four hours the animal was killed and decapitated 
The head was cleaned and placed in 3 per cent Indrochloric acid for three days 
Roentgenograms vere then taken 

EXPERIMENTAL RESULTS 

Ophthalmoscopical}', the fundi were normal The results of the 
roentgenographic study are shown m table 2 We Know that all the 


Table 2 — Data Conccrnmg Twciifv Rats in Which Evpcnvicntal Snbai achnoid 
Hcmonhage Was Induced, Followed by an- Iniiacisicrnal 
Injection of Thotium Dioxide 




^ umber vith 

Number vitb 


^umbo^ of 

Optic Xerves 

Optic Nerves 

Procedure 

Animals 

Visualized 

Not Visualized 

One subarachnoid hemorrhage 

C 

2 

4 

Three subarachnoid hemorrhages 

14 

3 

11 

Totals 

20 

5 

15 


injections were successful, because the thorium dioxide could be seen 
about the cerebellum In onl}'- five cases, however, did it pass to the 
optic nerves In twenty noimal animals the thoiium dioxide would 
have been seen about the optic nerves m every case 

Figure 1 IS a i oentgenogram of the decalcified skull of a rat that 
had received no thorium dioxide Figure 1 F is a roentgenogram of the 
decalcified skull of a rat given thorium dioxide intracisternally one 
hour befoie death Note the fine lines of thorium dioxide about the 
cerebellum and the optic nerves (indicated by arrows) Figure 2 is a 
roentgenogram of the decalcified skull of a rat given thoiium dioxide 
intracisternally twenty-four hours before death This rat had tliiee 
subarachnoid hemorrhages at thiee day intervals, the last one being 
induced four days before the injection of thorium dioxide Lines of 
thorium dioxide appear about the cerebellum and about the olfactory 
nerves but not about the optic nerves 

Figure 3 IS a photomicrogi aph of the perineural space of the 
optic nerve of a rat twenty-four hours after experimental subarachnoid 
hemorrhage The space contained many red blood cells 






Fig 1 —A, roentgenogram of the decalcified skull of a rat that had not received 
thorium dioxide B, roentgenogram of the decalcified 'kull of a rat given thorium 
dioxide intracisternally one hour before death Lines of thorium dioxide about the 
cerebellum and along the optic nerves are indicated by arrows 



Fig 2 — ^Roentgenogram of the decalcified skull of a rat gi\en thorium dioxide 
twenty-four hours before death This rat had three subarachnoid hemorrhages 
Lmes of thorium dioxide about the cerebellum and along the olfactory nerves are 
indicated by arrows The optic nerves are not shown 
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COMMENT 

The evidence piesented suggests that red blood cells m the ceie- 
brospinal fluid can block the peiineural space of the optic nerve to 
thorium dioxide exactly as does kaolin though not as consistently 
Although the manipulation was identical in all cases, the amount of 
blood which actually entered the cerebrospinal space may have varied 
widely If the block were a physical one, depending on the number of 
red blood cells, we would anticipate that it would not be complete in 



Fig 3 — Photomicrograph of the perineural space of the optic ner^ e of a rat 
twenty-four hours after experimental subarachnoid hemorrhage The space con- 
tains many red blood cells 


all cases In line with this thought is the evidence that block is more 
often complete in cases in which theie have been three hemorrhages than 
in those in which there has been one, though the series is too small 
to make this absolutely certain 

If, based on the evidence previously described, the patency of the 
perineural space of the optic nerve to thorium dioxide indicates the 
ability to acquire papilledema, we might expect that in fifteen of oui 
twenty animals with subarachnoid hemorrhage choked disk could not 
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have developed even if added factors \\hicli ordinanl} cause choking 
had been present On the otliei hand, we might expect that in five 
of our twenty animals papilledema would have developed if other factors 
which ordinarily produce choking had been present coincidentally 

In reviewing furthei the twenty-four cases of subarachnoid hemor- 
rhage with definite papilledema reported in the literature, we find the 
following data 1 The blood pressure was high m ten cases In thiee 
of these the diagnosis was confirmed at autopsy 2 The blood pressure 
was normal in one case, the diagnosis being confirmed at autopsy 
3 The blood pressure was not given m thirteen cases In seven of 
these there was no autopsy In the six cases m which autopsy was 
performed the diagnosis was confiimed in three, in two cases glioma 
was found and in one case there vas a laige uniuptured aneurysm which 
was thought to have acted like a tumor 

It appears to be raie for definite papilledema to occur in a case of 
proved uncomplicated subarachnoid hemoirhage Among the complica- 
tions which might occui and cause papilledema are (1) a hemorrhage 
largely into the ventricles, with only a little blood leaching the sub- 
arachnoid space, (2) malignant hypertension, (3) glioma and (4) 
sinus thrombosis 

REPORT OF CASES 

HevtotiJiage info the Ventiicles — Cookson has reported the case of a man 
of 32 who had an attack of headache, pain m the neck and vomiting on July 4, 1924 
He remained in bed two weeks, when he again vomited, became unconscious and 
was taken to the hospital When admitted he A\as semiconscious and irritable 
There was palsy of the right facial nerve and an extensor plantar reflex on the 
right side Cervical rigidity and a definite Kernig sign vere noted The cerebro- 
spinal fluid was blood stained The fundi oculi were normal on entry, but shortly 
afterward papilledema appeared m both eyes and later became severe He improved 
somewhat, but eleven days after admission to the hospital he suddenly went into 
a coma and died the next da} At autopsy a blood clot w'as seen adherent to the 
left internal carotid artery at the point of its bifurcation In this region the 
brain tissue w^as ploughed up, and blood clot filled the left lateral, third and fourth 
ventricles 

Cerebral Hemoirhage Involving the Snbat achnoid Space in the Couise ol 
Malignant Hypertension — ^The patient, a Negro 45 years of age, had been well 
until five years prior to admission to the hospital At that time he was told he 
had high blood pressure, the systolic pressure being 240 mm He continued in 
fair health until twm years before admission to the hospital, when he noted some 
failing of vision About this time he began to have attacks of unconsciousness, 
lasting about five minutes, which recurred irregularl} but on the average of about 
once a month Some convulsive movements during an attack w^ere described by 
his w'lfe However, the attacks were always of short duration, and he recovered 
rapidly, never requiring hospitalization His physician stated that for at least a 
}ear prior to admission to the hospital he had definite bilateral papilledema 

On the day of entr}-^ the patient suddenly had a generalized convulsion, lost 
consciousness and was admitted to this hospital in coma, which persisted until his 



ARCHIVES OF INTERNAL MEDICINE 


death The blood pressure was 260 systolic and 160 diastolic The pupils did 
not react to light The fundus of the right eye showed numerous old and new 
hemorrhages and fairly marked evidence of angiosclerosis The disk showed 
definite slight papilledema The fundus of the left e 3 'e was similar Spinal 
puncture, thrice repeated, revealed bloody fluid under increased pressure The 
patient died two days after admission to the hospital At autopsy a cerebral hemor- 
rhage was seen involving the right occipital lobe, with blood in the subarachnoid 
space The right ventricle -was dilated and filled with blood The bleeding point 
could not be ascertained 

Siibaiaclnioxd Hemoiihage Complicated by a Ghoma (reported by Laurent — 
A man aged 26 was admitted to the hospital on April 11, 1931 For two weeks 
he had complained of headache and vomiting On April 7 he vomited and lost 
consciousness Violent convulsive movements of the right arm occurred, wdnle 
the left limb and left side of the face seemed to be paralj^zed He recovered to 
some extent but remained stuporous 

On entry he was comatose, and the temperature was 100 6 F The fundus oculi 
bilaterally showed papilledema There w'ere cervical rigidit}’-, a definite Kernig 
sign and flexor plantar responses The cerebrospinal fluid w'as evenly blood stained 
The next day he recovered sufficientlj’- to enj 03 ' an illustrated magazine On April 
13 he again became comatose and died Necropsy re\ealed a large hemorrhage 
originating from a glioma and reaching the surface of the frontal lobe 

Sums Tluombosts and Snbaiachnoid Hcmonhagc (reported b 3 ' Byers — A 
girl aged 1 year who had previously been healthy began to vomit on Oct 16, 1931 
The next day a physical examination showed no abnormality Diarrhea developed 
Two days later there were convulsive twitchings of the right arm, followed by 
generalized convulsions She then appeared to improve, but on the eleventh day 
of her illness she w'as drowsy and irritable The following day there were rh 3 dhmic 
convulsive moments of the legs and rigidity of the neck, back and extremities 
The spinal fluid w'as xanthochromic and under increased pressure Generalized 
convulsions soon developed Within a few hours engorgement of the facial veins, 
edema of the left eyelids and a bulging fontanelle became evident The eyegrounds 
showed edema of the optic disks and congestion of the retinal veins Convulsions 
continued, and death occurred on the fourteenth day At necropsy there w'as seer 
in the superior longitudinal sinus a thrombus with extensions into the contiguous 
sinuses and veins 

SUMMARY 

Papilledema did not occur in any of the eleven cases of subarachnoid 
hemorrhage studied, although the elevation of the spinal fluid pressure 
and the duration of observation appeared adequate In seventy-eight 
(66 per cent) of the one hundred and eighteen cases reported m the 
literature papilledema did not develop In this series, the findings in 
sixteen cases (14 per cent) were equivocal, while in tw'enty-four cases 
(20 per cent) definite papilledema developed In seven of these twenty- 
four cases the diagnosis was confirmed at autops}', and m three of these 
cases hypertension was known to have been present In two other 
cases glioma of the brain was found, and m one case a large unruptured 
pneurysm was thought to have acted like a tumor 
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In previous work it was shown that kaolin injected intracisternally 
into rats (1) prevented the passage of thorium dioxide, injected intra- 
cisternally, along the perineural spaces of the optic nerves and (2) 
prevented the appearance of papilledema in the piesence of a growing 
cerebellar tumor After experimental subarachnoid hemorrhage, thorium 
dioxide was blocked fiom entering the perineural spaces of the optic 
nerves in fifteen of twenty rats It was therefore inferred that blood 
in the spinal fluid if piesent in sufficient amount tends to block the 
perineural spaces of the optic nerves and pi event the development of 
papilledema In a minoiity of cases, however, the block is incomplete, 
and papilledema may occur if other piedisposmg factors are present 
Among these factors are (1) a paitial ventricular block, so that rela- 
tively little blood reaches the subarachnoid space, (2) malignant hyper- 
tension, (3) glioma and (4) sinus thiombosis Illustrative cases aie 
cited 
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The frequent coexistence of bronchitis and bronchiectasis with sinu- 
sitis has been lecognized since the publication of the reports of Rist ^ 
and Sergent," and confirmation of their obser\ations has been offered 
repeatedly This association is well known to otolaryngologists, but 
appreciation b)’- general pi actiti oners and specialists in other fields has 
lagged surpiisingly The relation between the disease of the upper 
and that of the lowei lespiratory tract is moie than coincidental in the 
opinion of most observeis Whether the sinusitis precedes, follows or 
develops simultaneously with the bronchitis is not settled The pre- 
vailing concept is that sinusitis and bionchitis probably de\elop simul- 
taneously duimg an acute infection, such as influenza Mullm ® gave 
as his opinion that patients vith bronchitis tend to get well unless the 
condition is fostered and fed by a chronic sinus infection This appears 
to be logical Rist ^ compared the respiiatory tract to the urinary tract, 
m which cystitis follows lenal infection Mulhn ^ offeied as explana- 
tion for the concomitant lesions the repeated aspiration of infective 
material into the bronchi from the upper respiratory tract He objected 
to the concept of infection spreading from the bronchi to the sinuses 
because theie is no read) loute and because of the gieat number of 
patients, especially childien, with cough and moist lales at the bases 

From the Department of Medicine, the University of Wisconsin 

1 Rist, E Le prmcipes du diagnostic rationnel de la tuberculose pulmonaire, 
Presse med 24 305, 1916 , Les diagnostic differentiel de la tuberculose pulmonaire et 
les affections chroniques des fosses nasales, ibid 24 321, 1916 

2 Sergent, E Histoire suggestive de quelques faux tuberculeux, diagnostic 
differentiel de la tuberculose pulmonaire et des affections des voies respiratoires 
superieures. Bull et mem Soc med d hop de Pans 40 1424, 1916, Considerations 
sur la statistique du centre de triage, la Chante le Vesmet, de Juin 1916 a Decembre 
1917, J de med et chir prat 89 643, 1918 

3 Mullin, W V The Accessory Sinuses as an Etiologic Factor m Bronchiec- 
tasis, Ann Otol , Rhm S. Laryng 30 683, 1921 A Review of Sinus-Chest Infec- 
tions, ibid 41 794, 1932 
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of the lungs who get well after early diagnosis of the condition and 
treatment of the sinuses Wasson and Waltz ^ drew similar conclu- 
sions from roentgen findings for children with sinus infection and pul- 
monary disease 

In experimental animals Mulhn and Ryder “ demonstrated aspira- 
tion of ink and suspensions of tubercle bacilli from the nares and the 
antrum into the bronchial tree After the introduction of india ink 
they observed black spots all along the respiratory tract post mortem, 
with discoloration of the bronchial nodes and of the lungs Aspiration 
of tubercle bacilli resulted in tuberculosis of the lungs Involvement 
of the lungs followed instillation of the bacilli or india ink into the 
antrum, even though egress to the nares was prevented This was 
explained on the basis of a lymphatic and venous route to the right 
side of the heart and then to the lungs Corper and Robin ® confirmed 
and amplified these results in their study of dogs and rabbits 

Quinn and one of us (Dr Meyer) ’’ ascertained that when iodized 
oil was passed through a catheter just into the anterior nares of a 
sleeping individual, the oil, often in large quantities, was demonstrable 
roentgenographically in the bronchi or in the pulmonary parenchyma 
the next morning This experiment has been confirmed and the con- 
clusion accepted ® The ease and regularity of the occurrence led to 
the conclusion that aspiration of pus probably occurs with similar 
facility Consequently, it was thought likely that this was the most 
important explanatory factor for the frequent concomitance of sinusitis 
and bronchiectasis Incidentally, this circumstance emphasized the 
importance of treatment of sources of pus, the sinuses, as well as treat- 
ment of the bronchi in cases of chronic bronchitis and bronchiectasis 

The fiequency of sinusitis in association with infection of the 
bionchi vanes with different reports Thus, Kistner ® found sinusitis 
in all but 6 of 196 cases of chronic nontuberculous bronchitis Dunham 

4 Wasson, W W , and Waltz, H D The Relationship of Sinus Disease to 
Chest Disease in Children, Radiology 22 432, 1934 

5 Mulhn, W V , and Ryder, C T Studies on the Lymph Drainage of the 
Accessorj Nasal Sinuses, Laryngoscope 31 158, 1921 Mulhn, W V Lymph 
Drainage of the Accessory Nasal Sinuses, ibid 29 606, 1919 

6 Corper, H I , and Robin, H A The Pulmonary Aspiration of Particulate 
flatter, Am Rev Tuberc 6 813, 1922 

7 Quinn, L H , and Meyer, O O The Relationship of Sinusitis and 
Bronchiectasis, Arch Otolaryng 10 152 (Aug ) 1929 

8 Meakins, J C Practice of Medicine, St Louis, C V Mosby Company, 
1936, p 148 

9 Kistner, F B Infections of Accessory Nasal Sinuses as the Cause of 
Chronic Non-Tuberculous Bronchitis, Northwest Med 26 203, 1927 
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and Skavlem found sinusitis coexisting in 73 per cent of 26 cases 
of bronchitis McLaunn said he beliei ed that the association of 
bilateral bronchiectasis and paranasal sinus disease is almost constant 
Hodge reported associated sinusitis in 75 pei cent of his 37 cases 
Meiks/® in a study of childien, found sinusitis present in 81 per cent 
of those with bionchiectasis Quinn and one of us (Dr Meyer) ' 
leported that 22 of 38 patients with bronchiectasis (57 9 per cent) had 
coexistent sinusitis The fact was emphasized that the majoiit}' of 
the patients had no symptoms of sinusitis Kein and Sclienck/'* m a 
controlled series, found that sinusitis existed less frequentl} in patients 
with no history of susceptibility to colds, recent infection of the respira- 
tory tract or frank sinus disease in the past than in patients with 
bronchiectasis 

The present stud} was made m older to amplif} the stud) of 38 
patients which was reported m 1929' It is now possible to leport on 
the incidence of sinusitis in a total of 217 patients wnth bionchiectasis 
admitted to the State of Wisconsin Geneial Hospital betw’^een 1925 
and 1936, exclusne of patients wnth congenital bronchiectasis or with 
bronchiectasis due to foieign body (One of the 38 cases repotted on 
in 1929 was due to aspiration of a foreign bod} , the remaining 37 are 
included in the total number of this repoit ) It may be stated that in 
this report as in the pievious lepoit, sinusitis was diagnosed only when 
gross pus was demonstiable m one or more of the paranasal sinuses 

On analysis of this gioup of 217 patients, it w^as found that 145 
(66 8 per cent) had associated sinusitis This figure closel} approxi- 
mates the incidence of 57 9 per cent in the first 38 patients studied 

A study of these 145 patients showed that 84 (58 pei cent) weie 
males, and 61 (42 per cent) weie females The oldest patient w^as 78 
and the youngest 6 years old The aveiage age at the time of admission 
to the hospital w'^as 32 4 years and the aveiage age at the onset of 
symptoms 261 yeais Howevei, 49 pei cent of the jiatients admitted 

10 Dunham, K , and Skavlem, J H Chrome Non-Tuberculous Infections 
U S Vet Bur M Bull 3 861, 1927 

11 McLaunn, J G Chest Complications of Sinus Disease, Ann Otol , Rhin 
&. Laryng 41 780, 1932, A Review of the Interrelationship of Paranasal Sinus 
Disease and Certain Chest Conditions, with Especial Consideration of Bronchiec- 
tasis and Asthenia, ibid 44 344, 1935 

12 Hodge, G E Relation of Bronchiectasis to Infection of Paranasal Sinuses, 
Arch Otolaryng 22 537 (Nov ) 1935 

13 Meiks, L T Study of Bronchiectasis wnth Reference to Its Etiologv and 
Management, Tr Am Laryng, Rhin & Otol Soc 41 421, 1935 

14 Kern, R A , and Schenck, H P Chronic Paranasal Sinus Infections 
Relation to Diseases of Lower Respiratory Tract, Arch Otolar 3 iig 18 425 (Oct ) 
1933 
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were under 25, and 66 8 per cent were under 40 In 64 8 per cent of 
the patients the onset of the disease occurred befoie the age of 30 
years It is noteA\orthy that in 31 cases the onset antedated the age 
of 5, although none of the patients in this series was under this age 
Various symptoms and illnesses preceded the apparent onset of the 
bronchiectasis In 73 (half the cases) the anamnesis did not permit 
conclusions as to the possible exciting cause In 22 of the remaining 
72 cases (30 6 per cent) the onset dated from influenza and in 19 (264 
per cent) from pneumonia Howevei, the incidence of influenza and 
pneumonia in the past medical history was greater, although the patients 
did not 1 elate the symptoms to these illnesses on entry 

The bronchiectasis invohed both lungs m 109 cases (75 2 per cent), 
and the bases alone were involved m 99 (68 3 per cent) of these In 
72 cases (49 7 per cent) the bases were equally involved, m 21 (14 6 
per cent) the base of the left lung showed greatei involvement than 
that of the light, while m 6 cases the base of the right lung showed the 
more extensive disease In the remaining 36 cases there was unilateral 
involvement, and as in the original study of 38 cases, there was no 
predominance of disease of the right lung o^er that of the left Thus, 
involvement of the right and of left lung each occuried m 18 cases 
(12 4 per cent) This is in direct Aariance with the common opinion 
that disease of the right lung occurs more frequently and is moie seveie 
The degree of bronchiectasis was based on the subjective and objec- 
tive symptoms, the general constitutional disability, the roentgen find- 
ings and, in 5 instances, the postmortem observations It must be 
admitted that diflerences of opinion might here occur in some border- 
line cases In 42 cases (29 per cent) there was only mild bronchiec- 
tasis, in 81 cases (55 8 per cent), moderately advanced disease, and 
m 22 cases (15 2 per cent), far advanced disease Satisfactory filling 
of the bronchi with iodized oil was possible in 100 of the 145 cases, 
and roentgenography following this aided m establishment of the exist- 
ence and of the degree of the disease 

The extent of sinus involvement was variable, and no relation 
between the degree of sinusitis and the degree of bronchiectasis was 
established Chronic pansmusitis or gross bilateral infection of the 
antrum was found to exist in 78 cases (53 8 per cent) 

Satisfactory bacteriologic studies weie not always made However, 
repeated examinations of sputum for tubeicle bacilli were made in 135 
of the cases, and the organisms were found m 1 case The predominant 
organism m the sputum was not leported m two thirds of the cases, 
in the remaining cases streptococci predominated, being present in 28 
cases Vincent’s organisms were not found m the sputum in 8 of the 
10 cases in which they weie sought 
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Cases 

Males 

T'emales 

Average age on entry 
Under age ot 25 years 
Under age of 40 years 
A\erage age at onset 

Type of onset (from history) 

Unlcnown 

Influenza 

Pneumonia 

Influenza and pneumonia 

Common cold 

Gnp 

Sinus infection 

Measles 

Mumps 

Scarlet fever 

Pertussis 

Diphtheria 

Typhoid 

Pleunsy 

"Wealvness and fevei 
Shortness of breath 
E\nosure 

“Spitting up blood" 

Cbiil followed by sweating 

Asthma 

Childbirth 

Typo of bronchiectasis 
Bilateral 
Eight lung 
Left lung 

Severity of bronchiectasis 
Slight 

Moderately advanced 
Par advanced 

Pilling of bronchi with iodized oil 
Satisfactory 
Inadequate 
None 

Disease of respiratory tract in past 
Influenza 
Pneumonia 
Pleurisy 
Pertussis 

Combination of 2 or more diseases 
None 

Tonsils 

Septic 

Atrophic 

Tags 

Eemoved 

Condition unVnown 
Normal 

Predominating organisms in sputum 
Unknown 
Streptococci 
Yeast 
Pungi 

Spirochetes and fusiform bacteria 

Gram positive bacilli 

Streptothnx 

Gram positive diplocoeci 

No tubercle bacilli 

Tubercle bacilli 

Not examined 

No fungi 

No spirochetes or fusiform bacilli 


Bronchiectasis 


,, 

' With Sinusitis Without Sinusitis 


Number Percentage 
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Percentage 
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* This flgure includes some cases of bronchiectasis with sinusitis and all without sinusitis In 
the foregoing figures 
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Bronchiectasis 



' With Sinusitis Without Sinusitis 

. k. Jl 


r 

Kumber 

\ t ^ 

Percentage Xumber Percentage 

Type of sinusitis 



Pansinusitis 

39 

2G9 

Bilateral maxillary and ethmoid 

S 

5 a 

Bilateral maxillary and frontal 

G 

4 1 

Bilateral maxillary and sphenoid 

1 

0 7 

Bilateral maxillary, right ethmoid and 



sphenoid 

1 

07 

Bilateral maxillary and right ethmoid 

O 

o 

2 1 

Right antrum and frontal 

2 

1 4 

Bilateral maxillary and left frontal 

2 

1 4 

Bilateral maxillary and right frontal 

1 

07 

Left antrum, left ethmoid and frontal 

1 

07 

Left antrum and frontal 

1 

07 

Bilateral maxillary 

39 

26 9 

Right frontal and right antrum 

1 

0 7 

Left antrum, right ethmoid 

1 

0 7 

Right antrum and right sphenoid 

1 

07 

Bight antrum 

IS 

12 4 

Left antrum 

13 

90 

Bight frontal 

4 

2S 

Left frontal 

1 

07 

Left ethmoid 

1 

07 

Unknown 

1 

07 


In 72 (33 2 per cent) of the 217 patients there was no evidence of 
sinusitis As 111 the group with sinusitis, there was a slight predomi- 
nance of males, the ratio being 57 to 43 The aveiage age m this group 
at the time of entry was somewhat highei, 35 years, the lange, 8 to 73 
years The average age at onset was also higher, 27 5 yeais Twenty- 
six (36 1 per cent) of the patients were undei 25 at the time of admis- 
sion to the hospital, and 43 (59 7 per cent) weie undei 40 A significant 
number of patients — 31 (43 per cent) — were under 20 yeais of age 
at the time of onset of the disease 

Most of these patients ascribed the onset of bronchiectasis to definite 
disease or symptoms Twenty-nine (40 3 per cent) could relate the 
disease to no cause Of the remaining 43 patients, 19 (44 2 per cent) 
dated their illness from pneumonia, wheieas only 7 (16 3 pei cent) 
had had preceding influenza Only 14 per cent of the patients failed 
to give a history which included disease of the respiratory tract at some 
time in the past 

Both lungs were involved in 38 (52 8 per cent) of the cases of 
bronchiectasis without sinusitis, a distinctly lower fiequency than m 
the group of cases of bronchiectasis with sinusitis In the 34 cases 
of unilateral bronchiectasis without sinusitis the right lung was involved 
19 tunes and the left lung 15 times 

The degiee of bronchiectasis was mild m 23 cases (32 per cent), 
moderately advanced in 35 (48 6 per cent) and far advanced in 14 
(194 per cent) Postmortem examination was made m 7 of these cases 
of bronchiectasis without sinusitis Satisfactory filling of the bronchi 
wuth iodized oil was possible in 42 of the 72 cases 
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Examination of the sputum for tubeicle bacilli ^Yas made in 65 ot 
the 72 cases and showed positive results twice In 17 of the 30 cases 
111 which the predominating organism in the sputum was reported, it 
was found to be the streptococcus 

A comparison of the two gioups of cases of bionchiectasis (with 
and without sinusitis) is afforded by study of the accompanying table 

COMMENT 

Study of these results reemphasizes the frequency of sinusitis in 
association with bronchiectasis The ease of aspiiation of iodized oil 
from the nares by a recumbent sleeping person makes the factor of 
repeated infection of the bronchi, which would otherwise heal, by aspi- 
ration of pus seem logical The fiequent histoiy of preceding influenza 
and pneumonia suggests that the bionchi and sinuses may well be 
infected simultaneous!}' The cases of bronchiectasis without sinusitis, 
howevei, were commonly preceded by influenza, pneumonia or some 
other infection of the respiiatoiy tract Consequent!}, it must be appre- 
ciated that bronchiectasis can occur without gross infection of the 
sinuses That sinusitis may have previously existed or may ha\e per- 
sisted in minimal degiee cannot be excluded Furthermore, disease 
elsewhere in the upper respiratory tract, as for example in the tonsils, 
may operate to reinfect the bronchi Nevertheless, the importance of 
the sinus infection is not to be minimized, and the opinion is held that 
in early bronchitis, if disease of the sinuses is recognized and treated, 
bronchiectasis may, at least occasionally, be prevented It is well recog- 
nized that treatment of the sinuses as well as treatment of the lower 
lespiratory tiact is imperative in bionchiectasis if good results are to 
be obtained 

The lelative frequency of bionchiectasis in childien is again brought 
out in this study The association of sinusitis in this group is especially 
common, and early lecognition and treatment of the sinuses may be of 
greatest benefit 

Finally, the lack of symptoms of sinusitis m most of the cases 
heie reported is of impoitance, indicating the need for careful exclusion 
of disease of the upper respiratory tract by i oentgenograms and other 
available means 

SUMMARY AND CONCLUSIONS 

One hundred and forty-five (66 8 per cent) of 217 patients with 
bronchiectasis were found to have associated sinusitis 

The majoiity of these patients had no subjective symptoms of 
sinusitis 

As a class, the patients with sinusitis weie youngei than those 
without 
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From this senes no definite relation between the degree of sinusitis 
and the degree of bronchiectasis could be established 

Contrary to general opinion, m cases of bilateial bronchiectasis 
there was no demonstrable predominance of disease of tbe right lung, 
and m cases of unilateral bronchiectasis there was no greater incidence 
of involvement of the right lung 

It IS believed that the relation between sinus disease and disease of 
tbe lower respiratoiy tiact is more than coincidental and that drainage 
from the sinuses, especially when the patient is lecumbent and asleep, 
makes for repetitive infection of the bronchi 

The impoitance of early diagnosis and tieatment of existing sinus 
disease in cases of bronchitis and bronchiectasis is emphasized 



ANEURYSM OF THE INNOMINATE ARTERY 


H\RRY PARKS, MD 

BOSTON 

Within recent yeais, paiticularly since the de\ elopment of methods 
foi the intensu’^e treatment of syphilis, aneurysms of the large vessels, 
on the whole, haAe not been of as much clinical inteiest to physicians 
and students as foimeil}^ Recently a patient vith aneur}sm of the 
innominate artei}^ was undei 1113 ’- observation This case perhaps 
illustrates the potential danger to the patient of Mgorous antis 3 'phihtic 
treatment in association with aneurysm, vith its resultant subjective 
improvement, and also may serie as a gentle lemmder that clinicians in 
the past were thoroughl}'’ famihai with aneur 3 sm of this type, that they 
developed methods of treating such an aneur 3 sm which often were 
successful and that past expeiience may well serve as a guide toward 
improving in the future the methods of tieatment when an aneurysm 
involves this particulai vessel 

Curiously, aneurysms of the innominate aiteiy are by’’ no means 
common Accoidmg to Oslei ^ and Reid and Andius,- they represent 
only about 3 per cent of all internal aneuiysms Yet because of their 
spectacular appearance and course, they^ have interested clinicians for 
centuries 

It IS said that the eaihest mention of aneury'sm of the innominate 
artery in medical literature ivas made by' Antyllus,^ a surgeon wdio lived 
in the middle of the second century' A D Ambioise Pare ^ (1510-1590) 
was the first to suggest the causative relation of sy'philis and aneury'sm, 
in his famous report of a tailor who while play'ing tennis “fell dead, the 
''essel being broken, such as frequently' happens to those w'ho have often 
had the unction and sw'eat foi the cure of the Fiench Disease,” and the 
clinical diagnosis of ruptuied aneury'sm w'as confirmed at a public 
anatomic demonstration by Pare himself ° The story is told of Valsalva, 

From the Evans Memorial foi Clinical Research and Preventive Medicine 

1 Osier, W Aneur 3 'sm, in Modern Medicine, Philadelphia, Lea &. Febiger, 
1908, vol 4, chap 11, p 448 

2 Reid, M R , and Andrus, W Surgery of the Arteries, in Nelson Loose- 
Leaf Living Surgery, New York, Thomas Nelson &: Sons, 1931, vol 1, chap 12, 
p 752 

3 Antyllus, cited by Osier ^ 

4 Pare, cited by (a) Beekman, F Studies in Aneurvsm by William and 

John Hunter, Ann M Hist 8 126 (March) 1936 (I?) Major, R W Classic 

Descriptions of Disease, Springfield, 111 , Charles C Thomas, Publisher, 1932, p 417 

5 Pare, cited by Fitz, R A Case of Thoracic Aneurj'sm, M Clin North 
America 16 863 (Jan ) 1933 
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an Italian physician of the eighteenth centuiy, that he cured patients 
\Mth aneurysm by starving them According to Matas,® Valsalva once 
w as holding a clinic at Imola on the medical treatment of aneurysm A 
poor patient with a large aneurysm of the neck, probably of the 
innominate or the caiotid artery, was one of the subjects of the lecture 
The man listened attentively when Valsalva said that in some cases 
aneurysm can be cured by diet and rest, provided the patient can endure 
the hardship of treatment Little sips of water, a few spoonfuls of 
clai et, a dry crust of black bread and a bit of dry meat now and then — 
just enough to keep body and soul together — with rest flat in bed, 
that would cure aneurysm in the right sort of case About six months 
later Valsalva was surpiised to have an emaciated man come and kneel 
down before him and kiss his coat Valsalva said, “What is the matter 
To which the patient leplied, “Why, don’t you know you have saved my 
life?” “What did you do?” queried Valsalva “Just what you said,” 
leplied the patient “Just starved and stayed in bed” The aneurysm 
had subsided, and it no longer pulsated in the neck 

In the nineteenth century the surgical approach to the tieatment of 
aneurysm of the innominate artery first began to attract attention In 
1829 Valentine Mott,' of New York, following the suggestion of Mr 
Tames Wardrop,® surgeon to the king of England, was the first American 
surgeon to ligate the right carotid artery m a case of innominate 
aneurysm 

Such a procedure must have been extremely difficult and hazardous 
before the days of ether, yet additional cases soon were reported , after 
the introduction of ether a considerable literature on the surgical treat- 
ment of innominate aneurysm developed 

Certain striking cases have been leported Barwell,® in 1877, ligated 
the right common carotid and right subclavian arteries of a 45 year old 
laborer, a patient at the Charing Cross Hospital, London, who had an 
aneurysm at the right of the base of the neck, reaching as far as the 
cricoid caitilage Seven weeks after the operation the visible enlarge- 
ment had decreased and was reduced to about the size of a pigeon’s 
egg, being located behind the right sternoclavicular joint Autopsy 
finally verified the presence of a small innominate aneurysm which had 

6 Matas, R On the Treatment of Aortic Aneurysm by the Method of 
Jugulo-Carotid Anastomosis A Discussion, New Orleans Af & S J 84 448 
(Dec) 1931 

7 Afott, V Aneurysm of the Arteria Innominata, Involving the Subclavian 
and the Root of the Carotid, Successfully Treated by Tying the Carotid Artery, 
Am J AI Sc 5 297 (Feb) 1829 

8 Wardrop, J On Aneur 3 '-sm and Its Cure by a New Operation, London, 
Longman & Co, 1828 

9 Baniell, R On Aneurj’^sm, Especially of the Thorax and Root of Neck, 
London, Alacmillan & Co, 1880, pp 32-77 
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shrunken and was scleiosed In this country Mynter/® in 1887, and 
Gay,’^’- in 1897, both performed successful ligations In 1909 Schwyzer 
perfoimed distal ligation of the light common cartoid and right sub- 
clavian arteries for an innominate aneuiysm presenting m the neck 
The patient lived at least twenty-two years after the ligation In this 
case the tumor also disappeared A patient with a perfoiatmg aneui}sin 
was operated on by Rosenstern and was said to have In ed many years 
Another case that was remarkable for the long duration of the condition 
w as mentioned by Miller,’ * of London His patient had an aneurysm of 
the innominate aitery which piesented at the base of the neck when he 
was 41 years old The aneuiysm was treated by injections of quinine 
hydrochloride and ethyl carbamate and also b}'^ ligation of the right 
common carotid and subclavian aiteries when the patient was aged 56 
He died at the age of 64 as a result of internal rupture of the aneurjsm 
In 1929 James Greenough gatheied togethei the literature on opera- 
tions on the innominate aiterjf He stated as his belief fiom the cases 
reported and his own expeiience that if the operation is for aneurysm, 
distal as well as proximal ligation should be done and the sac should be 
extirpated or destroj^ed While among all the 91 reported cases \\hich 
he collected the mortality aftei ligation was 56 per cent, ^\hen the cases 
were grouped chronologically it was cleai that as surgical methods had 
improved the operative mortality of this type of operation had dimin- 
ished His conclusion was that opeiation is justifiable and if con- 
templated should be done early 

The following leport is of a case which I had the oppoitunit) of 
studying 

Case 1 — The patient was a 64 -vear old Irishman Recentlj he had worked 
as a day laborer, though in the early days he had been a sailor, ro\ing prettj" 
much all over the w'orld He entered the hospital on Jan 15, 1937, complaining 
of a sizable lump in his neck and of pain in his right shoulder 

When he was 18 years old he had a chancre, w'hich w'as treated for two jears 
with medicine administered in pill form This W'as the only treatment for s 3 ’-philis 
that he had received Eleven years before entry to the hospital he first noticed 
“neuritis” of the right shoulder This consisted of a sharp shooting pain which 

10 Mynter, H Aneurysm of Innominate Artery Treated with Ligation of 
Right Carotid and Subclavian Arteries, M Rec 32 507, 1887 

11 Gay, G A Case of Ligature of Innominate Arterj’’ for Aneuijsm, Boston 
M & S J 137 13, 1897 

12 Schwyzer, A Aneurysm of the Innominate Arteiv, Ann Surg 96 666 
(Oct) 1932 

13 Rosenstern, cited by Osier, W Modern Medicine, ed 3, Philadelphia, 
Lea & Febiger, 1927, vol 4, chap 22, p 888 

14 Miller, C , Dolbey, R , and Ballance, C Aneurysm of the Innominate 
Artery A Twenty-Three Years’ History, Lancet 1 778 (April 14) 1934 

15 Greenough, J Operations on the Innominate Artery Report of a Suc- 
cessful Ligation, Arch Surg 19 1484 (Dec) 1929 
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ladiated down his arm Foi two j'ears he suftered fiom this and bj w'ay of 
treatment took some pills, though what they contained he did not know eventually 
however, the pain disappeared 

For the past nine years he had felt fairlv w^ell Then about eight w^eeks 
before he entered the hospital, the pam m the shoulder returned Along wnth it 
he noticed the appearance of a small nontender pulsating lump on the right side 
of his neck just above the clavicle This grew rather rapidly at first but more 
slowly in the few weeks before his entry, finally attaining the size of an orange 
He did not complain of any symptoms from compression, such as dysphagia or 
djspnea, however, he did have a slight hacking cough 

For two weeks before entering the hospital he suffered from what he described 
as a boring pain between the shoulders This was reliev'ed when he sat up and 
also by strenuous exercise, such as chopping wood 



Fig 1 (case 1) — Aneurysm of the innominate artery The inner half of the 
right clavicle is obscured The thjmoid cartilage and the trachea are displaced 
to the left The prominent bulging just below the thyroid caitilage was the 
site of greatest pulsation and later became the site of rupture 

On physical examination he w'as observed to be w^ell developed and robust, 
presenting a large pulsating lobulated mass in the right side of his neck It 
measured 8 cm in diameter at the base and projected outward for a distance of 
4 cm Its outer lateral portion was firm, as compared to the inner portion near 
the midline, w'here it w^as thin w'alled The right sternoclavicular joint w^as dis- 
placed anteriorlj’- The skin over the mass was bluish and purplish and was darker 
than the surrounding skin The trachea was markedlj’’ displaced to the left, and 
the right sternomastoid muscle w'as pushed to the right by the tumor Visible 
pulsation also was seen m the left lower portion of the back in the ninth and 
tenth intercostal spaces, where there was considerable retraction of the thoracic 
wall as well 

The heart sounds were heard in the mass, but there was no bruit There was 
tenderness over the right sternoclavicular joint The apex impulse of the heart 
was seen and felt within the midclav icular line There was no increase in retro- 
sternal dulness, nor was there increased dulness m the second oi third right inter- 
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costal spaces The sounds weie regulai and of good quality A soft blowing 
systolic murmur was heard m the second right intercostal space, but no diastolic 
murmui was heard The second aortic sound w'as not accentuated 

There w'as a slight amount of peripheral sclerosis The blood piessure m the 
tw^o arms was the same The pulse volume was tliought to be less m the right 
arm than it was in the left The venous pressure was 80 mm of water in the 
light arm and 95 mm of w'ater in the left No rales were heard in the lungs, 
though on both sides of the uppei portion of the chest the breath sounds were 
suppressed The voice w’as noimal, and there was no laryngeal parahsis The 
light pupil w'as slightly largei than the left 



Fig 2 (case 1) — Roentgenogram showing {A) the sacculated aneurjsm of the 
descending portion of the aorta just beyond the arch, w’lth calcified plaques m 
the w'all of the sac seen in the third left intercostal space, (R) the aneurvsm of 
the innominate artery, (C) erosion of the sternal end of the right clavicle, and 
(£)) deviation of the trachea 

It IS w'Oith reemphasizing that there w'ere no sjmptoms of compression, m 
spite of the fact that the trachea and the larynx w'ere so markedly displaced 

The urine and blood weie normal The Wassermann reaction w'as positive 
Numerous electrocardiographic tracings at times show'ed manv extrasystoles of 
auricular and ventricular origin, though no other abnormality in rhythm was ever 
noted, the ventricular complex was abnormally slurred and notched, suggesting an 
impaired myocardial function 

Roentgenologic and fluoroscopic examinations of the chest revealed a dilated 
aortic aich with an aneurysm of the descending portion of the aoita and an 
aneurysm of the innominate artery The heart w'as but slighth'^ enlarged There 
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were displacement of the trachea to the left, erosion of the upper border of the 
first rib, erosion and displacement of the sternal end of the right claMcle and 
eiosion of the light borders of the second, third and fourth thoracic Aertebrae 

By way of treatment the patient was put to bed At first he complained 
bitterly of pain in the right shoulder joint and was given opiates for relief On 
the -third day of hospitalization his temperature became slightly ele\ated, there 
w'as leukocytosis and tVie pain was increased This febrile episode lasted foi fowl 
days , It was thought that he might have had a small i upture m one of the 
aneuiysms Antis 3 Thihtic treatment w'as administered m the form of bismuth 
subsalicylate and potassium iodide and eventually small doses of neoaisphenamine 
Under this therapy his condition definitely improved, he w^as able to sit up, shave 
himself and walk about without disconifoit During this period of obserration, 
how'ever, the tumor in his neck appeared to increase m size rather than to 
dimmish 

He grew to feel so well that he was discharged in compai atively good condi- 
tion after seventy-three days of hospitalization A few^ dar^s later, however, he 
w'alked a distance of approximately five miles, and shortly afterw'ard there devel- 



Fig 3 (case 1) — Rupture of the aneurysm of the innominate artery Oslei 
said 111 regard to similar cases “Reddening of the skin occurs w'lth edema A 
spot of neciosis fomis which increases in size slowly The aneurysm first hveeps’ 
and finally bursts wnth fatal hemorrhage” In this case the spot of necrosis grew 
to foim an ulcer, 3 cm m diameter, before the final rupture 

oped w'hat he thought w'as a severe cold with a cough The mass m his neck 
became painful, and the overlying skin became i eddish On one of the prominent 
lobulations near the midline there appeared a discolored area which looked like 
beginning ulceration He became anxious over the changes w'hich had taken place 
m the tumor and theiefore returned to the hospital 

The physical findings w'ere unchanged except that the mass m the neck 
pulsated more violently than before and the skin over it was cyanotic and edematous 
It was a case of this tj-^pe that Sir William Osier ^ must have had m mind when 
he described the events that take place in external perforation of an aneurysm 
“Reddening of the skin then occurs with edema A spot of necrosis forms which 
inci eases in size slowd> The aneurj'^sm first Sveeps’ and finally bursts with fatal 
hemorrhage ” This is preciselj' wdiat happened in the present case m the course 
of the next few dajs 

The necropsj' confirmed (lie clinical findings There w’ere a large saccular 
aneur\sm of the innominate artery with perfoiation, a fusiform dilatation of the 
aich of the aorta, resulting from old sj'philitic aortitis, and an aneurj^sm of the 
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descending aorta which extended to the midthorax The innominate aneurysm 
measured 10 cm in length and 7 5 cm in diameter It was filled with soft, dark 
crimson clot It had eroded through the sternal end of the right clavicle and the 
right borders of the second, third and fourth thoracic vertebrae, it had flattened 
the right lobe of the thyroid gland and it had displaced the trachea, without, how- 
ever, obstructing either it or the esophagus Death, of course, occurred from 
externa] rupture, with almost immediate exsangmnation 



Fig 4 (case 1) — Showing the relation of the aneurvsms to the thoracic cage 
and the structures in the neck 

This was the first case of aneur)'^sm that I had seen in which ruptiue 
occurred It made an unforgettable impi ession, particularly as there still 
IS uncertainty in my mind as to whether suigical treatment combined 
with antisyphihtic treatment was not indicated and might not have pio- 
duced a more satisfactoiy therapeutic lesult than did medical treatment 
alone 
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Obviously a gieat deal is known of innominate aneurysm Its topo- 
graphic anatom} has been abundantly described Its symptoms also are 
well recognized Usually the eaihest symptom is pain m the right 
shoulder A pulsating tumor m the neck soon is likely to appeal The 
tumor spreads along the line of least resistance, and this chaiactenstically 
IS upward under the stei nomastoid muscle into the neck or, moie laiely, 
dowmward into the mediastinum or pleural cavity, displacing the heart 
to the left Curiously, although the aneurysm advances and eiodes, 
compresses and displaces, it is less likely to cause symptoms fiom 
pressure on structuies like the larynx and trachea than is an aneuiysm 
arising m the aorta This usually is legarded as an important diffei- 
ential point, an aneuiysm of the arch of the aoita is notoiious foi giving 
early signs of compiession because of the narrow^ space between the 
posteiior surface of the sternum and the bodies of the veitebiae An 



Fig 5 — Figures from the case report by Richard Barwell (1877) The right 
common carotid and subclavian arteries were ligated The patient lued a few 
months after operation and died of bronchopneumonia following exposuie 
Necrops}’’ show^ed a small innominate aneur 3 sm that was shrunken and sclerosed 

innominate aneurysm, m contrast, has more room m which to grow 
If present in the neck, it is likely to be high, while an aneuiysm of 
the arch will not extend much above the clavicular line Finally, loent- 
genography and fluoroscopy should make it possible to recognize a 
thoracic aneuiysm easily and to determine the point of origin with great 
accui acy 

That any internal aneur)’^sm is essentially a hopeless affliction is 
ceitain An innominate aneurysm, like any other aneurysm, is likely to 
luptuie — not often externally but frequently into the trachea, bronchus, 
esophagus, mediastinum or pericardial or pleural cavity Rupture is 
the common cause of death 

In recent }ears the medical treatment of thoracic aneur}sni has 
recened all the emphasis, the modern textbook of medicine failing to 




906 


ARCHIVES OF INTERNAL MEDICINE 


emphasize the essential anatomic difteience between anemysm of the 
aorta and aneurysm of the vessels at the base of the neck and the fact 
that then theiapy may differ One must go back to Osier to be told 
that the differential diagnosis of aneurysm presenting in the neck is 
impoitant because such an aneurysm is amenable to suigical proceduies 
while one near the base of the heait is not 

No doubt the impiovmg therapy of syphilis has much to do vith 
modern mdifteience to aneurysms In the first place, aneurysms now 
aie comparatively raie and aie likely to become even rarer as syphilis 
IS lecognized moie easil}'^ and treated moie adequately In the second 
place even the medical tieatment of aneurysm is vastly better than it 
vas, for example, when Oslei wiote the fiist diaft of his textbook 
Now, as Mooie, Danglade and Reisingei ha\e reported, piompt 
symptomatic relief, especially lelief of paioxysmal and cxeitional 
dyspnea and of pain, is likely to be obtained in the medical tieatment 
of aneur3'sm, and life is piolonged Nevertheless, in spite of such 
advances m medical tieatment, I believe that Osier’s opinion should still 
be maintained The difteiential diagnosis of anemysm presenting in 
the neck still is impoitant because such an anemysm is amenable to 
‘'Urgical piocedures while one neai the base of the heart is not If one 
could duplicate Bai well’s ® case, SchwyzeTs case (m vhich the patient 
lived for more than tventy-five years after ligation) or Miller’s case 
(in which the patient lived foi twenty-three }ears after ligation), one 
would feel well satisfied 

As has been mentioned, the smgical proceduies vhich have been 
advocated for the treatment of innominate aneurysm include ligation of 
the 1 ight common carotid artery and the right subclavian artery , ligation 
of the innominate ai ter} and vein as well , wiring and the causation of 
clot foimation by electricity within the aneurysmal sac, as suggested by 
Reid,^" injection of quinine hydrochloi ide and ethyl carbamate, as 
suggested by Miller foi the same purpose, and even pioduction of an 
aitenovenous fistula between the common carotid artery and the internal 
jugular vein, as suggested by Babcock^® and McCaithy^® 

16 Moore, J E , Danglade, J H , and Reisinger, J C Treatment of Cardio- 
\ascular Syphilis Results Obtained in Fifty-Three Patients with Aortic 
Aneurysm and m One Hundred and Twehe with Aortic Regurgitation, Arch 
Int Med 49 879 (June) 1932 

17 Reid, R M Aneurysms in the Johns Hopkins Hospital All Cases 
Treated in the Surgical Service from the Opening of the Hospital to Januarr 
1922, Arch Surg 12 62 (Jan ) 1926 Reid and Andrus ^ 

18 Babcock, W W Newer Surgical Methods of Treating Diseases of the 
Vascular S 3 ’^stem, Am J Surg 16 401 (June) 1932 

19 McCarthy, P A Treatment of Aneurysms of the Thoracic Aorta and 
Innominate Artery by Distal Arteriovenous Anastomosis Obser\ations of Ten 
Cases with Operations in Eight Cases, Ann Surg 91 161 (Feb ) 1930 
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No doubt technical difficulties m the waj of these operations nia)' he 
great On the other hand, the skill of the modem surgeon is uncanny 
In reconsidering the case which has just been described, it might haie 
been possible, in the light of the necropsy observations, for a dextious 
surgeon to have tied the subclavian and carotid aiteries without luptui- 
ing the aneurysm, and this might have been a more beneficial foim of 
tieatmeiit than the one employed I believe that the same aigument 
can be applied to the following case of a patient of Dr Joseph Piatt 
and Dr Samuel Proger at the Boston Dispensary, the lecord of uhicli 
they have allowed me to study and to include in this paper 

C'VSE 2 — A 48 j'ear old Scotchman, a seedsman, was admitted to the diagnostic 
ward of the Boston Dispensary on July 25, 1932 He complained of a lump m 



Fig 6 (case 2) — A large innominate aneurysm presented at the base of the 
neck, with an area of necrosis in its most prominent part, at which point the final 
rupture took place (Reproduced with the permission of Dr Pratt and Dr Proger 
of the Boston Dispensaiv) 

his neck When he w'as 18 he had a penile sore follow^ed bj’’ a rash This w'as 

untieated, though in 1927 he received six injections of arsphenamine for ‘“recurimg 

sore throat ” 

He had been well all his life until about two months before he entered the 
hospital Then he noticed the appearance of a small tumor on the longer right 
side of his neck This grew^ rapidlj", it pulsated, it w’as not painful and it caused 
no sj^mptoms of pressure 

Physical examination re\ealed just above and to the right of the suprasternal 

notch, an oval pulsating mass, 5 by 4 by 2 5 cm, over which the skin was tense 

and reddened The sternomastoid muscle was displaced by the tumor The retro- 
sternal dulness was increased The heart was not enlarged No murmurs w'ere 
heard The lungs were normal The blood and urine were normal While the 
Wassermann reaction was negative, both the Kahn and the Hinton test gave a 
positive reaction Roentgenologic and fluoroscopic examination of the chest showed 
a large expansile mass in the right uppei portion of the mediastinum apparentlj 
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continuous with the ascending aorta but extending upward and forward in the 
neck The tumor had eroded the manubrium and the sternal end of the right 
clavicle, and it had displaced the trachea slightlj to the left Five months later 
the tumor had increased greatly in size, and the skin o\er it was necrotic Presently 
this area of necrosis increased slowlv, the aneurysm began to weep and eventually 
It burst, with fatal hemorrhage 

While neciopsy was not peifoimed a coinpaiison of the findings m 
this case with the findings in the foimei case makes it seem highly 



Fig 7 (case 2) — Roentgenogram showing [A) the superior border of the 
aneurysm piesenting in the neck, (B) the sacculated innominate aneur 3 ’'sm con- 
tinuous with the ascending aorta and extending up into the neck and (C) the arch 
of the aoita displaced to the left This was not an aneurjsm of the aorta, as 
verified by fluoroscop}’’ The trachea cannot be seen in this roentgenogram on 
account of the density of the mass, but by fluoroscopj'' it w’as shown to be dis- 
placed to the left (Reproduced with the permission of Dr Pratt and Dr Proger, 
of the Boston Dispensary ) 

probable that heie too was an innominate aneuiysm with lupture 
Probabl}' it would scarcely have been feasible to tie the innominate 
arteiy in this case, but possibly ligation of the subclavian and carotid 
arteries might have been accomplished with good effect 
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In certain cases technical difficulties brought up by the complicated 
anatomic relations of an innominate aneuiysm ma} make the suigical 
tieatment of the tumoi almost impossible 

Case 3 — An American painter 65 years old was admitted to the Massachusetts 
IMemorial Hospitals on Dec 13, 1930 He denied having had syphilis, though 
the Kahn and Hinton tests gave positive reactions About ten years before entrance 
he first began to have palpitation of the heart and frequent spells of coughing 
About a year before entry he was forced to give up work because, m addition 
to persistent dyspnea and orthopnea, he had edema of the legs 

There was no visible or palpable tumor of the neck The heart was enlarged 
on percussion No murmurs were heard A roentgenogram of the chest showed 
a large dense shadow at the apex of the right lung and m the anterior mediastinum, 
due apparently to a mass, which appeared to displace the heart downward and 
to the left and which also displaced the trachea to the left The patient died of 
congestive heart failure Necropsy revealed an aortic aneurysm involving the 
innominate and right subclavian arteries as well as the arch of the aorta 

In this case, in which the innominate aneuiysm had giown down- 
waid rathei than upward, in which the aneuiysm was piactically insep- 
aiable from the arch of the aorta and in which it also involved the right 
subclavian aitery, any successful opeiative procedure would have been 
almost unthinkable 

These 3 cases make a laige enough group fiom which to diaw ceitain 
geneializations concerning aneuiysm of the innominate artery witli which 
to awaken interest in an unusual medical disorder which has apparently 
been neglected of late by clinicians Aneuiysm of the innominate arteiy 
IS rare, but its recognition is impoitant It diffeis fiom an aneurysm 
of the aorta by being more amenable to suigical treatment An 
innominate aneuiysm has a faiily definite clinical couise and a clinical 
pictuie which make diagnosis possible in the majority of instances, 
especially when loentgenogiams and fluoioscopy are available as 
diagnostic aids The presence of a pulsating tumor above the episteinal 
notch should make one suspicious of an aneurysm of the innominate 
artery which is presenting in the neck The most satisfactoiy tieat- 
ment of aneuiysm of the aorta consists in the long-continued, intelligently 
administered tieatment of syphilis Treatment of aneurysm of the 
innominate artery not only should include treatment of the syphilis but 
also should be regarded as having surgical implications The suigical 
attack should be undertaken early, before the aneuiysm becomes laige, 
as It should be home in mind that the aneuiysm may grow lapidly in 
the couise of several weeks It may be that the combination of anti- 
S}phihtic and of surgical treatment amU accomplish in selected cases 
a more perfect therapeutic result foi this t}pe of aneunsm than has 
been hitherto geneialh obtained 
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Evidence foi the belief that night blindness lepiesents the fiist 
symptom of Aotamin A deficiency has been accnmnlating foi some time 

Until lecently the condition of night blindness has been consideied 
raie m Noith America Hess and Knbyd seeking to determine the 
incidence of the condition, sent qnestionnaiies to American ophthal- 
mologists inquiring as to the number of cases that the} had identified 
among then patients, and all who reported stated that night blindness is 
uncommon This was inteipieted to mean that deficienc) of Mtamin 
A IS of infrequent occuirence m Noith Ameiica 

The later work of Jeans and Zentmne- with the Biich-Hirschfeld 
visual photometer and that of Jeans Blanchard and Zentmire ® ith 
the biophotometei indicated that night blindness is common among 
childien These workers also presented evidence of vitamin A deficiency 
as a causative factoi Likewise the studv of Paik'* and of Jegheis,^ 

From the Department of Foods and Nutrition, School of Home Economics, 
Purdue University 

A preliminary report, an abstract of •which appeared in the Jomm^ of Home 
Economics for October 1937, w'as presented before the division on food and nutri- 
tion at the thirtieth annual meeting of the American Home Economics Association 
at Kansas City, Kan , on June 22 1937 

1 Hess and Kirby, eited bv Edd}, W H, and Dalldorf, D The AMtami- 
noses, Baltimore, Williams & Wilkins Companv, 1937 

2 Jeans, P C , and Zentmire, Z A Clinical Method for Determining 
Moderate Degrees of Vitamin A Deficiency, TAMA 102 892-895 (March 24) 
1934, The Prevalence of Vitamin A Deficiency Among Iowa School Childien, 
ibid 106 996-997 (March 21) 1936 

3 Jeans, P C, Blanchaid, E, and Zentmire, Z Dark Adaptation and 
Vitamin A A New Photometric Technic, JAMA 108 451-458 (Feb 6) 
1937 

4 Park, I O Pieliminary Observations of Vitamin A Deficiency as Shown 
by Studies with the Visual Photometei, J Oklahoma kl A 28 359-364 (Oct) 
1935 

5 Jeghers, H Night Blindness as a Criterion of Vitamin A Deficiency 
Review of the Liteiatuie, with Preliminary Observations of the Degree and 
Prevalence of Vitamin A Deficiency Among Adults in Both Health and Disease, 
Ann Int Med 10 1304-1334 (March) 1937 
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using the Biich-Hiischfeld photometer, pointed to the fiequent 
occuiience of night blindness and of model ate Mtamm A deficienc} 
among adults 

The pill pose of oui study was (1) to obtain data to use m setting 
up standaids for noimal biophotometnc leadings foi young women, (2) 
to determine the extent to which poor dark adaptation occurs in young 
college women and (3) to seek furthei evidence for the i elation between 
Mtamin A deficiency and subnoimal daik adaptation, as measured with 
the biophotometei 

At the time that this study was made theie ueie no repoits of 
biophotometnc tests on adults Theie has since been published the 
woik of Jegheis “ with fieshman medical students, chiefly men. employ- 
ing this neuei photometric technic The author lepoited relatively pool 
daik adaptation m 35 per cent of the subjects tested 

METHOD 

The subjects for our study weie freshman vomen langing m age from 17 to 
22 years As a matter of convenience they were chosen Irom the students attend- 
ing the freshman classes on foods at Purdue University, with no attempt at special 
selection 

Each subject was asked to keep a record of her diet for one week, with the 
thought that such a record might serve as an indication of the dietaiy habits of 
the subject and might possibly account for any marked individual vaiiation in 
vitamin A storage In order to secure as accurate and detailed a record as pos- 
sible, each subject was asked to keep slips recording the number and size of 
servings (small, medium or large) of each food eaten Between-meal “snacks” 
were also included Daily summaiies weie made from these slips on special forms 
prepared for the purpose From these forms weekly dietary summaries vere made 
so as to permit comparison of the diets of the different subjects 

Approximately half the total group were luing at the Women’s Residence Hall, 
their period of residence having covered about four months The other half 
secured meals from a variety of eating places on and off the campus 

The testing technic was essentially that of Jeans, Blanchard and Zentmire ^ In 
order to insure the carrjung out of all the tests in a uniform manner, detailed 
directions for each step of the procedure, including instructions to the subject, 
were formulated, and these directions were carefully followed 

Single tests were made for 94 students Those showing relatively poor daik 
adaptation were tested again in a few days, and if confirmation of the first test 
was obtained, they were selected for further studv In a few instances a third 
test was made, with the result that there were some eliminations and a final 
selection of 16 subjects to serve as an experimental group To this group were 
added 2 subjects whose biophotometnc tests indicated good dark adaptation The 
subjects w'ere paired on the basis of the biophotometnc readings, the readings in 
most instances showung little divergence for the members of a pair One member 
of each pair served as a control and the other received, in addition to the regular 

6 Jeghers, H The Degree and Prevalence of Vitamin A Deficiency in 
Adults, wuth a Note on Its Experimental Production in Human Beings, J A }il A 
109 756-761 (Sept 4) 1937 
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diet, three halibut liver oil capsules daily, representing 28,000 to 29,000 U S P 
units of vitamin A “ Tests were repeated at weekly intervals on the controls and 
on those receiving halibut liver oil, the members of a pair being tested on the same 
day of each week The experiment was continued for five weeks 

RESULTS 

An aibitrary gioupmg of the initial leadings foi lecovei} after 
exposuie to the blight light foi the oiiginal 94 biophotoinetnc tests and 
the distribution of the subjects over the range of leadings obtained aie 
recoided in table 1 

An appiaisal of the lesults in terms of noimal is difficult to make 
as woik with the biophotometer, paiticulaily with adult subjects, is 
too limited as yet to furnish anything definite m the way of standards 
In this study the subjects having a light lequiiement gi eater than 1 5 
milli-foot-candles immediately aftei exposuie to the liright light weie 
defimtel)'’ considered to have poor dark adaptation It w'as from this 
gioup that 16 of the expeiimental subjects weie chosen Second and 


Table 1 — Results of Biophotoinetnc 


Initial Recovery Reading, MiIIi Toot Candles of Light 

Xumber of 
Subjects 

Per Cent 
of Total 

Less than 0 3 

10 

IOC 

0 3tol 

S3 

35 I 

ItOlS 

2G 

27 7 

Greater than 1 5 

23 

20 C 


third tests, how^evei, gave leadings that placed some of them m the gioup 
immediately above, wuth the leadings foi 3 of the subjects falling 
slightl}'- below the low'^ei range foi that gioup The 2 expeiimental 
subjects lepresentmg good dark adaptation weie selected fiom the fiist 
two groups, wuth readings of 0 38 and 0 52 milli-foot-candle, lespectnelj" 
Attention is centered on the fiist leading of the recovei}’^ period aftei 
exposure to the bi ight light, because it appeal s to be the most significant 
one Jeans, Blanchard and Zentmiie, how^evei, while emphasizing the 
importance of this reading have legarded the entiie peiiod of recov^en 
as having significance They have stated that those with normal daik 
adaptation have final readings of less than 0 05 milli-foot-candle except 
in cases in wffiich the “visual thieshold” is inci eased by causes othei 
than vitamin A deficiency In the piesent study 3 of the 5 subjects 
wdiose final readings were 0 05 milli-foot-candle oi greatei were in the 
group showing the most deficiency (initial readings foi the period of 
recoveiy greater than 1 5 milli-foot-candles) One w^as in the gioup 
with readings of 1 to 1 5 milli-foot-candles, and the othei show'^ed lead- 
ings close to the upper limit of the lange 0 5 to 1 milli-foot-candle 

7 The capsules, with assay figures, were supplied thiough the Wm S Merrell 
Co , Cincinnati 
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The lesults of the analysis of the dietary lecords are sho^\n in table 2 
An examination of this table leveals nothing that iiould account for 
marked variations m the vitamin A intake of the subjects, so that the 
differences m vitamin A storage which the biophotometnc readings 
seem to indicate cannot be explained on the basis of the eating habits 
of the subjects at the time that the tests were made A question might 
be raised, however, as to how far such records may be relied on to give 
a tiue picture of even the qualitative aspects of the diet 


Table 2 — Analysis of the Dtclaiy Rccoids Shoivmg the Aveiage 
Scivings pci Pci son pci Day 


Cof 

fee, 

Fruits Cere Coct 

* Vegetables , * — — ^ als Meat, Cola, Cake, 

§ , f- , To Other Fish, Mai Pas 

° Tel Pota Oran Grape ina- Than Poul Eggs, ted tr>. 


o 

Milk 

Green 

low 

toes 

Other 

ges 

fruit 

toes 

Other Bread Bread 

trj 

Cheese 

Milk Sweets 

A 

131 

0 93 

0 29 

0 77 

0 53 

0 22 

0 30 

0 27 

1 55 

2 90 

0 37 

1 42 

0 51 

1 72 

1 34 

B 

104 

100 

026 

0 76 

050 

OIS 

0 28 

028 

1 83 

2 80 

0 24 

1 45 

0 40 

1 07 

1 45 

0 

1 34 

0 9S 

0 28 

0 62 

0 76 

016 

0 51 

0 35 

1 SO 

2 98 

017 

1 48 

0 52 

0 84 

1 12 


** Group A represents the total group, group B includes 1C subjects vith good darK adap 
tation and group 0 includes 16 subjects with poor dark adaption Iwo subjects m group B 
had been taking cod liver oil or vitamin A concentrates 


Table 3 — Initial Recovet y Readings in Milli-foot-Caiidles 


Subjects Receiv ing Halibut Liver Oil Controls 

^ - — — ■ _ j i — 

Sub Orig Week: of Experiment Sub Orig Week of Experiment 

lect inal . ^ , ipet iml . ^ 


Ko 

Test 

1st 

2nd 

3rd 

4th 

5th 

No 

Test 

1st 

2nd 

Srd 

4th 

5th 

7 

0 72 

0 76 

0 58 

0 29 

0 58 

038 

81 

0 63 

0 09 

I 00 

0 84 

0 92 

0 84 

11 

1 95 

1 48 

1 00 

0 44 

084 

0 76 

73 

1 95 

1 SO 

1 48 

1 60 

1 SO 

1 SO 

84 

1 48 

0 63 

0 76 

0 76 

100 

1 10 

2 

1 48 

1 36 

1 36 

1 30 

ISO 

1 SO 

52 

1 30 

100 

0 315 

0 69 

0 52 

0 44 

70 

1 22 

1 10 

0 03 

0 70 

0 09 

0 03 

2? 

1 48 

100 

0 52 

0 58 

0 69 

0 09 

76 

1 22 

1 36 

100 

1 22 

lOO 

1 30 

32 

1 22 

1 36 

0 36 

1 10 

1 00 

1 00 

36 

0 92 

1 48 

1 22 

0 92 

1 30 

1 10 

60 

1 95 

1 36 

100 

1 36 

0 63 

0 84 

71 

1 00 

0 84 

1 22 

1 60 

1 SO 

1 10 

SS 

2 10 

1 95 

1 36 

1 48 

0 70 

0 92 

46 

1 48 

1 80 

2 40 

0 09 

2 40 

1 30 

90* 

0 52 

0 24 

0 29 

018 

016 

0195 

59* 

0 38 

0 44 

0 47 

OOo 

0 63 

0 69 


* Subjects 59 and 90 are the two whose original readings placed them in tin. group con- 
sidered to have good dark adaptation 


In table 3 are recoided the weekly initial readings made during 
recoAi^ery foi the subjects receiving halibut liter oil and foi their 
respectne contiols over a period of five tteeks It ttill be noted that 
there tteie fluctuations back and forth in both groups, but definite 
impiotement in the subjects to whom the halibut liver oil capsules weie 
administered was evidenced by the decreased requirements of light of 
the lattei after the first oi second t\eek in contrast to that of the controls, 
foi whom subsequent readings weie m most cases as high as or highei 
than those obtained at the beginning The improvement in the subjects 
vho oiiginall}" showed a high requirement of light is m accord vith the 
findings of othei iioikeis But the lesults obtained with the pair con- 
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sideied to have good dark adaptation seem to point to something that 
has not pieviousl} been noted, that is, the possibility that even veiy low 
readings may not indicate optimal stoiage of vitamin A This point is 
how undei fuithei investigation 

Theie was lathei wide variation in the minimal biophotometric read- 
ings obtained foi the diffeient subjects receiving halibut liver oil The 
time lequiied to reach this stage also varied, the range being from one 
to foui weeks, Avith no consistent i elation between the original readings 
and the time peiiod Theie weie few instances m which there was 
lmplo^ement aftei foui weeks 

These obseivations seem to suggest that there aie individual vaiia- 
tions \vith legal d to what constitutes the best daik adaptation obtain- 
able It also appeals that the intake of vitamin A necessary for optimal 
stoiage vaiiLS with difteient subjects, assuming that optimal stoiage foi 
a given suljjcct has been obtained when no fuithei improvement results 
with a continued high intake ot vitamin A A bettei inteipretation of 
the lesults obseived maj' be that they indicate a varying ability to utilire 
and stole the ingested vitamin A, paiticulaih as it aftects the late ot 
legeneiation of the -visual pin pie 

SUMMARY AND CONCLUSIONS 

Single biophotometiic tests of a gioup ot 94 college fieshman 
women gave leadings that weie interpieted to indicate pool daik 
adaptation in at least 26 6 pei cent of the cases 

The daily administiation of 28,000 to 29,000 U S P units of vitamin 
A in the form of halibut hvei oil capsules to half the 18 experimental 
subjects lesulted m low'^eied leadings m contiast to those for the 
lespective contiols, wdiich w'eie in most instances as high as or higher 
at the end of the five w^eek experimental peiiod than at the beginning 
This impiovement in the subjects receiving halibut Iner oil and the 
failuie of the coiiesponding contiols to impiove w^as evident not only 
in the eight pans of subjects wdiose oiiginal tests weie thought to 
indicate pool daik adaptation but also in the pair who at the beginning 
of the expel iment appealed to have good daik adaptation The impiove- 
ment, how'evei, did not ahvays pioceed regularly, theie w’^as some 
fluctuation back and foith both foi the subjects lecening halibut Inei 
oil and foi the contiols 

Minimal biophotometiic readings, as w^ell as the time requiied to 
leach this stage, -vaiied wuth the difterent subjects to whom the halibut 
hvei oil wi-as admmisteied 

The pan with good daik adaptation gave low^ei original leadings 
than were evei attained by most of the more deficient subjects, yet the 
membei of this pan to w^hom halibut liver oil w'as admmisteied pioved 
to be capable of furthei improvement 
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The improvement resulting from the admmistiation of halibut Inei 
oil to the more deficient subjects agiees with the findings of othei 
woikeis and gives inci eased evidence for the alleged i elation between 
vitamin A deficiency and subnoimal dark adaptation, as measuied vith 
the biophotometer 

The study also furnishes meagei evidence for the view that even 
lo^^ leadings may not indicate optimal Autamin A stoiage Theie is 
need foi fuither investigation on this point 

In general, it may be concluded that there is a \anation m vhat 
constitutes the best daik adaptation obtainable foi a given peison It 
appeals that theie are differences in the ability to utilize and stoie the 
vitamin A ingested beyond a certain point, paiticulaily as it affects 
the late of legeneration of the visual purple in adapting the eye to dim 
illumination 



BILATERAL SPOROTRICHOSIS OF TPIE BREAST 

REPORT or A C \SE 
JAMES L WADE, MD 

AND 

ARK MATTHEWS, :M D 

P \RKERSBURG, W VA 

A caieful though not complete suivey of the hteiatuie coveiing 
spoiotiichosis fails to leveal any lepoits of cases of invasion of the 
female hi east by Spoiothnx We aie recoidmg the piesent case because 
of its unusual diagnostic featuies and because of the complete laboiatory 
confirmation of the tentative diagnosis It is of note that the prompt 
theiapeutic lesponse likewise authenticated the diagnostic piemise 

The fiist recoided instance of spoiothnx infection occuiied in 1896^ 
The oiganism in this case was identified by Irwin F Smith and was 
named Sporotrichum schenckii m honoi of the clinician who fiist lecog- 
nized the etiologic factoi lesponsible foi the ulcerated lesion on the 
foieaim of the patient Since the identification of this parasitic fungus, 
seveial othei cases have been lecognized, notably a senes of 10 cases 
lepoited by Foeistei m 1926- 

Spoiotiichosis is a chionic infection of the cutaneous and internal 
stiuctures due to vaiious foims of the spoie-foiming filamentous fungi 
of the Spoiothnx gioup The cases in human beings lecoided in the 
hteiature concern piimaril) the cutaneous foim of the disease, m which 
the subcutaneous tissues aie aftected and in which only laiel} is theie 
dissemination to deepei oi visceial oigans Vaiious clinical forms aie 
desciibed, as follows 

1 A disseminated gummatous form, in which fiim nodular swellings 
appear which ultimately form small abscesses w ith ulceration and w ith 
the production of a chronic persistent discharge 

2 The ulcerative type, w^hich appears to be common on the hands and 
arms and which stronglj’' resembles the cutaneous form of tuberculosis 

3 The so-called extracutaneous forms, in w'hich ulcerous areas are 
found in the mucous membranes, glands, lungs, periosteum, bone or 
muscle 

4 An internal form, wduch is presumably secondary to some cutaneous 
form but which has the characteristics of an acute febrile illness 

1 Osier, W Principles and Practice of Medicine, ed 11, revised bv Thomas 
McCrae, New York, D Appleton and Company, 1930, p 235 

2 Foerster, H R Sporotrichosis An Occupational Dermatosis, J A M A. 
87 1605 (Nov 13) 1926 
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By fai the most common type is the cutaneous oi localized foim 
with secondaiy legional lymphangitis The lesion ma} be said to be a 
piimaiy sore at the site of inoculation, then in the couise of a few 
days to seveial months, small painless indolent granulomas form, which 
may ulcerate and produce abscesses of the “cold” type Secondary to 
ulceiation theie is the pioduction of fistulas or sinus tracts As a gen- 
eral rule the health of the patient is lelatively unafitected, except m 
cases of the febrile mteinal type Mild anemia is said to accompany 
the usual course of chiomcity, which vanes fiom one to three }eais 

Infection with the spoiothiix is most common among faimeis, gai- 
deners and laboieis It has been called an occupational disease b}^ 
Foeistei,” who described 10 cases due to tiivial wounds of the hands 
01 arms from the thorns of bai berry bushes In the majority of lepoited 
cases a piedilection for the hands, aims and lower extiemities is noted, 
healing out Foeister’s contention In our case it is interesting to note 
that the patient was piobably exposed to infection while on a visit to 
a farm 

REPORT or CASE 

Mrs C M , 20 3 'ears of age, a resident m the citj, piesented herself to one of 
us (J L W ) with the chief complaint of “trouble with the breast ” She stated 
that one and one-half j'ears previously she was kicked in the left bieast by an 
infant with whom she was playing The trauma was trivial, and she forgot 
about it until about four months later, when she noted a small lump in the 
breast at the site of the bruise Questioning revealed that she had been bruised 
while on a visit to the home of her parents in the country, where she was m the hav 
fields and m the garden a great deal After the lump w'as noted the skin became 
reddened and wuthm a few days apparently opened spontaneousl}’’, with the dis- 
charge of greenish pus which had a foul odor and w'as streaked wuth blood A 
chronic discharge w'as then noted for several weeks, and w’lth the use of various 
“home remedies” the w^ound apparently closed However, wuthin a shoit time 
several other indurated areas appeared in the breast, wdnch were incised by a 
physician, and drainage continued Approximately ten months before she w’as 
seen by one of us (J L W ), wdnle there was still a draining sinus m the left 
breast, a lump was noted in the upper outer quadrant of the right breast This 
broke and follow^ed about the same chronic course as that of the lump in the left 
breast She stated that there had not been a great deal of soreness at anj’- time 
but she noted that the glands in both axillas w'ere enlarged, although drainage had 
not appeared from those areas Recentljr there had been some discharge of 
blood-streaked pus from the right nipple 

The familj'^ history w'as noncontributor 3 ', as -was the patient’s past medical 
histor 3 % m that there had been no serious illnesses The marital histor 3 re\ealed 
that the patient suspected that she w'as approximately five months pregnant 
There had been some mill^" discharge from both nipples A systemic review 
revealed nothing of note other than a slight cough attributed to a “cold” during 
the past three weeks There had been no previous pulmonar 3 , cardiac or gastro- 
intestinal S3mptoms 

Phvsical examination revealed a well nourished and well developed woman with 
a normal temperature, pulse rate and respiration The blood pressure was IIS’ 
S 3 Stolic and 76 diastolic Examination of the head, e 3 es, ears, nose and throat 
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showed nothing remarkable The thyroid gland was not enlarged, and theie were 
no palpable cervical glands Examination of the lungs and heait levealed no 
physical signs of a pathologic condition 

The appearance of the breast is shown in figure 1 A Both breasts w'ei e 
enlarged, the areolas were pigmented and Montgomery’s glands were prominent 
In the left breast (fig IB) there was a small sinus with indurated edges aboie 
and internal to the nipple There were two healed sinuses, one in the mteinal uppei 
quadrant and the other m the lower outer portion of the areola In the most 
dependent portion of the left breast theie was a large area of scar tissue in a 
sunburst airangement The breast had a hard, “ropy” feeling, and the axillarv 
glands were palpable but nontender In the right breast internal to the nipple was 
an open granulomatous-edged area, approximately the size of a quarter (fig 1 C) 
From this, thick yellowish green pus exuded, and on pressure there were some 
bloody streaks On palpation the condition of the breast W'as essentially the same 






.it. 


Fig 1 — A, the appeaiance of the breasts before therapy was instituted B, 
note the “sunburst” scar at the inferior pole To the medial side of the upper 
inner portion of the nipple is an open fistula w'lth a small headed sinus mesial 
and superior to it C, the open granulomatous lesion on the medial side of the 
nipple of the right breast 

as that noted in the left side, the axillary glands weie likewise enlarged A little 
colostrum was expressed from both nipples 

Examination of the abdomen revealed no abnormal masses, the uterus w'as 
enlarged, there w^as no adenopath> and the spleen was not palpable Pelvic examina- 
tion confirmed the diagnosis of pregnancy of approximately five months Rectal 
examination revealed nothing remarkable Examination of the extremities show'ed 
no clubbing, cyanosis or edema The neurologic examination likewise show'ed 
no abnormality 

In the office a smear was made of material from the lesion in the right breast 
and was examined under the microscope At this first examination the presence 
of rather large, ovoid, clear bodies w'as detected There were no mjxehums, sulfur 
granules or other signs of fungoid organisms After this examination a complete 
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bactenologic and laboratory examination was made by one of us (A R K ) 
The bactenologic iii\ estigation consisted of microscopic and cultuial studies of 
the purulent discharge and of tissue from the margin of the ulcer of the right 
breast 

Smears of the pus were stained with the Gram, Wright and Loffler methylene 
blue stains In each instance the smears showed abundant pus cells with a good 



Fig 2 — A, the mycelial growth in the original broth culture, X 440 B sub- 
culture from the broth on Sabouraud’s agar 

many large mononuclear endothehoid phagocytic cells A few' deeply staining, 
well defined oval bodies, 1 to 2 microns in diameter, w'ere seen, and occasionally 
these occurred within the large mononuclear cells No mycelial filaments could be 
demonstrated in these smears 

Cultures of the pus w ere made in nutrient dextrose broth, on blood agar and on 
Sabouraud’s agar None of the cultures on blood agar pioduced a growth 
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Primary cultures on Sabouraud’s agar were unsatisfactory for study owing to 
early contamination by the pemcillium and the aspergillus 

Broth culture was made by plunging a cotton swab loaded with pus into the 
broth and leaving it in the medium continuously After four weeks of incu- 



Fig 3 — A, hjphae with terminal conidia from the colony shown in figure 
2B , X 440 B, mycelium deep in the cutaneous tissue at the margin of the 
ulcer , X 440 

bation at room temperature a fine, fluffy white growth was seen about the cotton 
swab This subsequently extended up to the surface of the medium, where it 
formed a thick, filmy white coat Microscopic study of this growth showed a 
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fine, branching, septate mj'celium with no sporulating asci Some short, thickened, 
irregular segments were noted along various h 3 phae (fig 2 A) 

This organism w^as transferred to Sabouraud’s agar and was incubated at 37 C 
It grew rapidly, producing a large, filmj’^ w'hite colony, which later became faintly 
pinkish in its central part (fig 2B) Microscopically this growth showed the 
same fine, branching, septate m 3 xelium There w'ere no asci, and conidia were 
seen at the ends and on the sides of the h 3 phae, with some tendency to grouping in 
whorls (fig Z A) 

The tissue obtained was teased out, mounted in 10 per cent solution of 
potassium hydroxide and examined microscopically Granulating tissue from the 
base of the ulcer revealed nothing pertinent, but the deeper layers of skin 
at the margin of the ulcer showed fine filaments of m 3 ’^celium occurring in fairl 3 ' 
dense clusters (fig ZB) No definite septations m the hyphae could be made out, 
but several mounts showed similar structures, and remounting in saline solution 
and distilled water left these structuies intact They were considered to be of 
fungous origin and w'ere definitely not artefacts 

On the basis of the bacteriologic observations (the positive lesults of culture and 
the presence of mycelium in the tissue), it w'as apparent that we were dealing 
with a m 3 'C 0 tic infection The character of the growth obtained placed the organism 
in the group of fungi imperfecti, or hyphomycetes, various members of which aie 
common causes of dermatomycoses, notably the nngw'orm fungi, the malassezia 
and the sporothnx The arrangement of the conidia at the sides and at the ends 
of the hyphae is typical of the structure considered to be characteristic of 
Sporothnx, and a diagnosis of spoi otrichosis was therefore deemed to be justified 
The serologic investigation consisted of Wassermann and Kahn tests of the 
blood These gave negatue reactions 

COMMENT 

This case was inteiesting because of the chionicit} of the condition 
and the appaient difficulty of making a diagnosis Incision and diain- 
age, presumably for abscesses, had been done on two occasions, with 
uniformly poor lesults The geneial health of the patient had been 
unaffected The complication of a five month piegnancy made it impera- 
tive to establish a definite diagnosis quickly m older to prepare the 
breasts for parturition 

ential Diagnosis — In the differ ential diagnosis we considered 
tuberculosis, syphilis, actinomycosis, blastomycosis, aspergillosis, other- 
rarer t3^pes of fungous or yeast infection and lastly a streptococcic oi 
staphylococcic infection Tuberculosis Avas excluded by the normal 
roentgenographic appearance of the chest and the absence of other 
clinical signs of tuberculosis of the skin The primary lesion of syphilis 
was excluded by the dark field and seiologic studies The teitiary 
gummatous form of syphilis likewise was excluded by the negative 
reactions to the Wassermann and Kahn tests and by the absence of 
other stigmas of either congenital or acquired s}phihs The exclusion 
of the various fungi and 3 easts was a laboratory problem, and in this 
case we both found the causative organism in smears and at biopsy 
and were able to culture it Streptococcic and stapl^lococcic infection 
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weie luled out b} laboiatoiy methods Finally, as an aid in the differ- 
ential diagnosis, the response to iodides was rathei spectacular in this 
t}pe of infection, although in ceitain cases of blastomycosis, theiapeutic 
1 espouse to iodide medication is lathei maiked 

Clinical Couise and Tieatinenf — Aftei the diagnosis had been defi- 
mtel> established, oial theiapy was begun with the use of potassium 
iodide, starting with 0 3 cc thiee times a day and inci easing to 2 5 cc 
tin ee times a day At fii st, potassium iodide in 1 Gm strength was 
admmisteied inti avenously eveiy third day Local application of a weak 
tmctuie of iodine was employed on the open lesion By the end of the 
second week the patient had not exhibited any sign of ovei dosage of 
iodide (m these cases the patients seem to tolerate iodides exceptionally 
well), and the lesion m the light breast had almost completely healed 
At seven months the patient w'as deln^ered of a noimal healthy infant 
The hi easts w^eie completely healed, but it was thought wise to give the 
infant a formula immediatel}, as fuither iodide therapy w^as necessary 
to pi event recurrence of s 3 mptoms in the patient It is wnse in these 
cases to continue ti eatment foi at least two months aftei all open lesions 
are apparently healed 

SUMMARY 

A case of bilateial invasion of the female breast by Spoiothiix is 
lecoided, wnth full laboiatoi) confiimation and an excellent therapeutic 
1 espouse to iodide medication 

3 Slielmire B Intravenous Iodine Tlierap\ Preliminary Report Texas 
State J Med 22 644 (Feb ) 1927 
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The scope of a lewew of this nature is difficult to define piecisely 
So fai as possible the object has been to include foi consideiation all 
articles which contribute new infoiination to the subject of diseases of 
the blood and blood-forming oigans, those which advance well thought- 
out speculations to explain obseived phenomena and those which 
supplement oi confirm the piesent beliefs In the interests of the leaclei 
it has seemed best to correlate in connected exposition the mateiial 
leviewed, although in accomplishing this it has at times been necessaiy 
to give vhat may seem undue weight to certain ai tides, while slighting 
otheis of equal merit It is, of course, unavoidable that a numbei of 
significant communications should be passed over entirely but it is 
hoped that such omissions may be collected in succeeding leviews 

PERNICIOUS ANEMIA 

General Cousidei ahons — It is generally accepted that achloih}diia 
IS a constant feature of pernicious anemia and that the intrinsic factoi 
of Castle is present m decreased amounts Kahn ^ studied the case 
records of 840 peisons with pernicious anemia None of the patients 
secieted hydiochloiic acid, and in none was there evidence of peptic 
ulcer 

The original Mork of Castle and his co-workers, in which they 
demonstrated that a specific antianemic substance, the “intrinsic factor,” 

From the Thomas Henr}’^ Simpson Memorial Institute for Medical Research, 
University of Michigan 

1 Morrison, T H The Role of the Gastric Secretion in Pernicious Anemia, 
Internat Clin 2 131, 1937 

2 Kahn, J R Absence of Peptic Ulcer m Pernicious Anemia, Am J M 
Sc 194 463, 1937 
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IS pioduced in the wall of the stomach and is piesent in gastric juice 
but not in saliva or in the duodenal contents, indicated that the stomach 
alone of the gastrointestinal tract is the site of formation of the 
intrinsic factor On strong theoietic grounds Thompson® questioned 
this assumption and reported a number of cases of pernicious anemia 
and nontropical sprue in which tieatment with desiccated duodenal 
mucosa of swine was successful It is recognized that these obseiva- 
tions cannot be construed as direct proof of the piesence of the anti- 
anemic substance in human duodenal mucosa Fuithei studies on this 
point are indicated Tempka^ fed 20 liters of saliva to a patient with 
pernicious anemia in relapse and obseived reticulocyte response on the 
sixth day of treatment as well as symptomatic improvement When the 
administration of saliva was discontinued, relapse occurred The author 
stated the opinion that the hematologic changes were not the result of 
a spontaneous remission 

That interaction of the intrinsic and extrinsic factois is required 
for the normal maturation of red blood cells, although doubted by some, 
has never been disproved Whethei or not the intrinsic factor is present 
m the gastric juice of patients with pernicious anemia appears to be 
debatable Fitz-Hugh and Creskoff ® stated the opinion that the sub- 
stance IS absent, but after a consideration of their data, their conclusions 
do not appear warranted It appears more likely that the deficiency of 
the intrinsic factor is quantitative lather than qualitative Fouts, Helmer 
and Zerfas ® showed that patients with pernicious anemia have a 
decrease of gastric secretion that is directly proportional to the level 
of the red blood cell count They also concluded that the amount of 
fasting gastric content is dependent on the age of the patient, the 
presence and severity of changes in the central nervous system and the 
amount and type of antecedent therapy Their observations weie similai 
to those of Goldhamer but are open to a different interpi etation 
Goldharaer stated that the gastric secretion in relapse is dependent pii- 
marily on the severity of the disease process and less on the age of 
the subjects, whereas in remission the gastric volume appeals to be 

3 Thompson, J C Hematopoietic Response Following Oral Administration 
of Desiccated Duodenal Mucosa, Ann Int Med 11 39, 1937 

4 Tempka, T Die Bedeutung der Speicheldrusen fur die Pathogenese der 
Biermerschen Krankheit, Folia haemat 57 30, 1937 

5 Fitz-Hugh, T , Jr , and Creskoff, A J Experiments with “Depepsinized” 
Human Gastric Juice m Treatment of Pernicious Anemia, Am J M Sc 192 168 
1936 

6 Fouts, P J , Helmer, O M , and Zerfas, L G Gastrointestinal Studies 
Volume of Gastric Juice in Pernicious Anemia, Am J Digest Dis & Nutrition 
3 904, 1937 

7 Goldhamer, S M The Gastric Juice m Patients with Pernicious Anemia 
m Induced Remission, Am J M Sc 193 23, 1937 
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correlated with age In addition to the volumetric studies it was shown 
that the combined juice of patients in relapse contained the intrinsic 
factor 

Several interesting expeiiments have been peifoimed in an effoit 
to determine the natuie of the intrinsic factoi Helmer and Emeison,® 
m studying the interaction between the intrinsic and the extiinsic factor 
on incubation with liver extiact and normal gastric juice, noted only a 
slight proteolytic effect, which they attributed to be due to peptic 
activity Tayloi and his co-woikeis ® observed some alterations m casein 
metabolism v itli normal gastric juice at a of 7 4 and concluded that 
the changes weie due to activity of the intrinsic factor They did not 
imply that casein was the extimsic factor Helmer and Fonts demon- 
strated that the intimsic factor m gastric juice could be piecipitated 
with saturated ammonium sulfate and that it was nondialyzable and 
uas insoluble m SO per cent alcohol 

Hernberg’-^ demonstrated the piesence of the intrinsic factoi in the 
gastric contents of patients with anemia due to Bothriocephalus Stasney 
and Higgins injected concentiated gastiic juice into pregnant rats 
From obseivations of the number and the structure of the fetal eryth- 
rocytes before and after administration of gastric juice to the motheis, 
they concluded that they could detect the piesence of the substance 
causing the development of the red blood cells Mark and Hauke 
also used the lat for the determination of the intimsic factor in gastric 
juice It was their conclusion that if reticulocytosis is obtained in this 
animal after the parenteral administration of gastric juice, the peison 
from whom the gastric juice is obtained does not have peinicious 
anemia If no reticulocyte response is observed, the patient may or 

8 Helmer, O M , and Emerson, C P Studies on the Chemical Nature of 
the Interaction Between the Intrinsic and Extrinsic Antianemic Factors upon 
Incubation of Liver Extract and Normal Gastric Juice, Am J Digest Dis & 
Nutrition 3 906, 1937 

9 Taylor, H L , Castle, W B , Heinle, R W, and Adams, M A Cor- 
relation of m Vitro Activity of Normal Human Gastric Juice on Casein at />h 7 4 
with Gastric Intrinsic Factor, Proc Soc Exper Biol & Med 36 566, 1937 

10 Helmer, O M , and Fouts, P J Fractionation Studies on Intrinsic Factor 
in Normal Human Gastric Juice, Am J M Sc 194 399, 1937 

11 Hernberg, C A Concerning the Anti-Anaemic Influence of the Gastric 
Juice in Pernicious Bothriocephalus Anaemia, Acta med Scandinav, 1936, supp 
78, p 582 

12 Stasney, J , and Higgins, G M The Effect of Normal Human Gastric 
Juice Administered to the Mother on the Size and Volume of the Erythrocytes of 
the Fetus, Proc Staff Meet , Mayo Clin 12 490, 1937 

13 Mark, R E, and Hauke, G Ueber den Nachueis des Castleschen Fer- 
mentes im Magensaft bei Anamien, Ztschr f klin i^Ied 132 705, 1937 
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ma} not have peinicious anemia Wills, Clutterbuck and Evans 
studied the macrocytic anemias of monkeys and concluded that both 
the intrinsic and the extimsic factor are necessary foi normal erythio- 
genesis 

The extrinsic factoi of Castle has been found m a numbei of 
piotein-containmg foods, such as beef muscle, autolyzed yeast, wheat 
geim and egg white On the othei hand, casein has been reported 
by Castle and Townsend as giving a negative reaction with the intrinsic 
substance when incubated with gastric juice at a /’h of 2 5 to 3 5 Miller 
and Pritchard argued that since infants may be maintained on milk 
alone for long periods without developing pernicious anemia, it might 
be assumed that casemogen, the chief protein of milk, probably con- 
tains the extrinsic factor To test this hypothesis they tieated with 
whole milk and gastric juice 2 patients with pernicious anemia, while 
maintaining them on a diet devoid of known sources of extimsic factoi 
Fair hematologic responses were obtained m both cases, indicating the 
presence of extrinsic factor in the milk Three other patients failed 
to respond to a mixture of gastric juice and whe}, thereby suggesting 
that the extimsic factoi of milk is contained within the casein portion 
Howevei insufficient amounts of whey may have been used m the 
mixture tested 

An attempt was made by Ungley to seem e a more potent liver 
fraction by supplementing the purification method of Dakin and West 
A product prepared according to the method of Dakin and West (ana- 
haemin) was first dissolved m phenol, anhydrous methyl alcohol was 
then slowly added so as to effect fractional pi ecipitation The fiist 
fi action was eliminated and the latter one retained The resulting 
product Mas a light buff and contained 14 3 pei cent nitrogen Twenty 
patients \vith pernicious anemia M^ere gn^en this material to determine the 
minimum effective dose, and in 5 cases the double reticulocyte response 
was employed to compare its strength with that of the original prepa- 
ration It was found that a dose of 50 to 75 mg gave results com- 
paiable to those obtained from 200 mg of the original product After 
the use of the double reticulocyte method, Ungley concluded that the 
potency of 2 mg of the more purified fraction was gi eater than that 
of 5 mg of the oiigmal pieparation 

14 Wills, L , Clutterbuck, P W , and Evans, B D F A New Factor 
in the Production and Cure of Certain Macrocjtic Anaemias, Lancet 1 311, 1937 

15 Miller, F R, and Pritchard, W H Presence in Milk of the Extrinsic 
Factor of Castle, Proc Soc Exper Biol & Med 37 149, 1937 

16 Ungley, C C Further Purification of Dakin and West’s Liver Fraction 
Purified Anahaemin Compared with Original Product in Regard to Effect in 
Pernicious Anemia, Lancet 2 1513, 1936 
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Jacobson and Subbaiow^' suggested that the theiapeutic activit} of 
liver extiact raa} depend on the piesence of a numbei of chemicall) 
distinct substances The}'- said the} belie\ed that se\eial accessoi} 
factois augment the activity of the primai} factor Of the thiee 
known accessoi y factors, one is 1-tyrosine, anothei contains a complex 
purine and the third is a peptide The chemical nature of the piimai} 
factor IS undetermined Without the activit} of the primary factor the 
accessory factors are thei apeutically inert, whereas the primaiy factoi 
alone is only slightly active The matenals tested were given mtia- 
muscularh to patients with pernicious anemia m relapse, and evidence 
m support of the authois’ h}pothesis was derived in part fiom data 
concerning the production of i eticulocytes but pimcipally fiom obsei- 
vations of legeneration of erythroc}tes 

Although the chemical identit} of the essential substance m piepa- 
lations therapeutically active against pernicious anemia is not known, 
Jacobs attempted to synthesize substances wliicb he said he had 
leason to believe resembled those piesent in potent liver extiact As 
a basis for the selection of the matenals used m his experiments he 
employed the reaction with alkaline solution of tnmtrophenol A posi- 
tiv'e reaction consists of the reddening of the solution by the test sub- 
stance after ten to fifteen minutes of heating in a boiling watei bath 
The gastric content of normal persons during fasting gave a positive 
reaction, wheieas that of persons with pernicious anemia did not Like- 
wise all puiified preparations active against pernicious anemia yielded 
a positive reaction to tnmtrophenol Because some of the propeities 
of liver extract suggest that its activity may depend on a phenomenon 
of oxidation-reduction and that the essential substances involved may 
be an aldehyde derivative and dextrosamme, Jacobs employed intia- 
muscular and subcutaneous injections of these substances m the tieat- 
ment of patients with pernicious anemia in relapse When either 
substance was giv’-en alone no reticulocyte response was obtained, but m 

I case he obtained a reticulocyte count of 14 per cent five days after 
the subcutaneous injection of a water solution of the product of inter- 
action between acetaldehyde and dextrosamme Three other previously 
untreated patients failed to respond to this tieatment Jacobs has 
isolated a ciystallme substance from liver extract which he concluded 

17 Jacobson, B M, and Subbarow, Y Studies of the Principle in Liver 
Effective in Pernicious Anemia , Therapeutic Activ ity of Its Multiple Factors, 
J Clin Investigation 16 573, 1937 

18 Jacobs, HR On the Nature of the Antipernicious Anemia Principle, 
J Lab & Clin Med 22 371, 1937 

19 Jacobs, H R On the Nature of the Antipernicious Anemia Principle 

II Identification of the 5, 6-Quinone of Dihydroindole-2-Carboxv he Acid in Liver 
Extract, J Lab & Clin Aled 22 890 1937 
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IS identical with the 5,6-quinone of dih3'dioindoIe-2-carboxyhc acid 
obtained by Rafei fiom the reactions of tyiosinase and tyiosine 
Because this substance is difficult to synthesize in pure form, Jacobs 
employed in the treatment of 1 patient with pernicious anemia the “red 
substance” obtained from the action of tyiosinase on tyrosine in the 
presence of oxygen The ieticuloc)de lesponse was equivocal but suffi- 
ciently suggestive of activity to wairant further tiial 

The fact that some patients with pernicious anemia respond much 
more favorably to the pai enteral injection of hvei extiact than to its 
oial administration led Helmer and Fonts to attempt to measure the 
absoiptive ability of the intestinal tract by estimations of the urinaiy 
excietion of xylose This sugar is not metabolized and is believed 
to pass thiough the Iner unchanged and to escape from the body 
through the kidneys The authois Avere unable to demonstrate in 
patients Avith pernicious anemia a consistent abnoimahty in the absorp- 
tion of xylose from the alimentaiy tiact HoweAer, OAVing to the great 
dififeience betAveen the molecular Aveight of the active principle of liver 
and that of xjdose, the authors concluded that ability to absorb xylose 
does not necessarily paiallel the absoiptive capacity for the antianemic 
piinciple Fonts, Helmer and Zerfas studied the secretion of hip- 
puric acid in cases of pernicious anemia aftei the injection of sodium 
benzoate This test is legarded as a measure of the detoxifying func- 
tion of the liver In their cases there AA'as no obvious coi relation betAveen 
the level of the led blood cell count and the amount of hippuric acid 
secieted by the kidneys Theie AA’as, however, a direct i elation betAveen 
the quantity recovered fiom the mine and the renal function as mea- 
suied by the uiea clearance test They concluded that both deci eased 
secretion of hippunc acid and inci eased lequirement of liver extiact 
for maintenance of normal blood A'alues are the result of complicating 
factors such as senility, infection and changes in the spinal coid 
Impaired hepatic function, as indicated by the deci eased ability of the 
liver to conjugate benzoic acid, had no apparent influence on the main- 
tenance requirement of hvei extract 

The problem of bioassay of prepaiations pioposed for the treatment 
of pernicious anemia has attracted a number of investigators Among 
the animal tests suggested during lecent yeais is the reticulocjte 

20 Jacobs, HR On the Nature of Anti-Pernicious Anemia Principle 
Response of a Case of Pernicious Anemia to the Oral Administration of Tyrosmase- 
TA’rosine Mixture, J Lab & Clin Med 22 892, 1937 

21 Helmer, O M , and Pouts, P J Gastrointestinal Studies Excretion of 
Xylose in Pernicious Anemia, J Clin Im'estigation 16 343, 1937 

22 Pouts, P J , Helmer, O M , and Zerfas, L G Secretion of Hippurie 
Acid m Pernicious Anemia, Am J M Sc 193 647, 1937 
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response of noimal stabilized guinea pigs to the administiation of 
potent antiaiiemic mateiial This test, foimulated and employed by 
Jacobson, has not met with geneial fa\oi Aftei careful studies Hum- 
mel concluded that the percentage of i eticulocytes m the circulating 
blood of the guinea pig increases aftei a variety of disturbances, such 
as dietaiy changes, pregnancy, injury and infection Occasionally 
rises occur for which no cause can be found By suitable caie in 
handling and feeding, stable leticulocyte levels may be maintained for 
as long as thiee months It was possible to demonstiate mci eases in 
the reticulocyte count after the oial administiation of a potent livei 
extract, and such i espouses did not occur when the active principle 
had been destroyed Hoivever, the author said he did not beheie that 
his observations pioved the validity of the guinea pig reticulocyte test 
foi the therapeutic actnity of hvei pi epai ations, since the question of 
wdiich constituent of liver is effective in producing the lesponse must 
await further investigation Even less satisfactory lesults with the 
guinea pig assay method w^ere lepoited b}^ Bachiach and Fogelson -■* 
From their observations and fiom a leview of the hteiatuie they con- 
cluded that no animal can supplant the human being with peimcious 
anemia as a basis for the assay of potency of substances against perni- 
cious anemia 

Evidence against the efficac) of pai enteral injections of congo led, 
both in the induction of i emissions and in the maintenance theiapy of 
patients with pernicious anemia, w as repoi ted by Lendvai and by 
Barker Aftei extensive obser\ ations both investigators concluded 
that the dye is totally ineffective in the tieatment of patients with 
pernicious anemia 

Granady^’ reported 4 cases of pernicious anemia occuinng in 
Negroes and said that the condition is not as lare in this race as has 
been commonly supposed His patients appeared to have all the signs 
and symptoms necessary to establish the diagnosis of pernicious anemia, 
and in addition each show’-ed a satisfactory lesponse after the admin- 
istration of specific therapy No mention w^as made as to whether or 

23 Hummel, L E Liver Extract and Reticulocytosis in the Guinea Pig, 
Proc Soc Exper Biol & Med 36 657, 1937 

24 Bachrach, W H , and Fcgelson, S J Effect of Anti-Pernicious Anemia 
Substances upon Guinea Pig Reticuloc 3 "tosis and a Review of the Literature, J 
Lab & Chn Med 22 925, 1937 

25 Lendvai, J Die Wirkung von Kongorot bei pernizioser Anamie, Klin 
Wchnschr 15 1034, 1936 

26 Barker, W H Congo Red in Treatment of Pernicious Anemia and 
Sprue, Am J M Sc 194 293, 1937 

27 Granady, J T W Pernicious Anemia m Negro with Report of Four 
Cases, J Nat M A 29 9, 1937 
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not the patients weie mulattoes It is not so rare to observe peinicious 
anemia in persons viath a inixtuie of white and Negro strains, but the 
occurrence of the disease in one of proved pure Negro stock is difficult 
to substantiate 

Five patients with pernicious anemia weie studied by Stewait, Ciane 
and Deitiick^® in older to observe the adjustment of the heait to a 
slowl)'- developing decrease in the oxygen capacity of the blood Obsei- 
vations of the cardiac output determined by the acet3dene method weie 
made during the stage of anemia and were repeated during a theia- 
peutically induced remission Then findings were as follows 

During the anemic state the cardiac output, the heart rate, and the oxygen 
consumption were in all cases elevated, and the circulation time shoit As the 
anemia became less, the cardiac output, the heait rate, and the ox\gen consump- 
tion decreased, and the cnculation time increased, all approaching more nearly 
normal values 

Fiom these obsenations the authors concluded that duiing the stage 
of anemia in pernicious anemia the heait is required to circulate an 
inci eased amount of blood per minute The amount of the increase is 
inversely proportional to the concentration of hemoglobin 

Stalkei reviewed the liteiature dealing with the occunence of 
angina pectoris in patients with pernicious anemia and reported a single 
case Statistics were cited to indicate that this is not a common com- 
plication, since a study of large groups of patients with pernicious 
anemia showed that only 2 to 3 pei cent had angina As the two dis- 
eases occur in the same age gioups it is not surpiising that they should 
have a coincidental coexistence Although the author said he lecogmzed 
that anoxemia resulting from anemia diminishes the function of the myo- 
cardium and so fuithers the occunence of anginal attacks, he said he 
believed that anemia alone cannot cause angina pectoiis but that in 
addition there must always be disease of the coionary aiteiies The 
findings in the case reported substantiate this view 

McGregor described 2 patients with pernicious anemia and dia- 
betes melhtus and reviewed the liteiatuie concerning the coexistence 
of the two diseases He quoted figures which indicate that between 
0 5 and 1 per cent of all patients with peinicious anemia also have 
diabetes In explaining why the two diseases may exist in the same 

28 Stewart, H J , Crane, N F, and Deitnck, J E Studies of Circulation 
in Pernicious Anemia, J Clm Investigation 16 431, 1937, abstracted, Tr A Am 
Physicians 51 84, 1936 

29 Stalker, H Angina Pectoris and Pernicious Anemia (Old Terminology) 
Resume of the Literature, with a Case Report, Ann Int Med 10 1172, 1937 

30 McGregor, H G Pernicious Anemia with Diabetes Melhtus, Brit M J 
2 617, 1937 



BETHELL ET AL— BLOOD 


931 


patient he lefeiied to Root, who has pointed out factors which may 
predispose to then combined incidence, as follows Achlorhydria, which 
IS piactically always present m cases of pernicious anemia, is not a rare 
finding in cases of diabetes , diabetes occurs most commonly in the same 
age groups as does peimcious anemia, and, finally, the familial tendency 
is well recognized in both diseases In spite of a certain amount of 
common ground between the two conditions, the authois said they 
regal ded this association as one of chance 

Changes m the Blood and Bone Maiiozu — Schijzidt,^^ following the 
i\oik of Riddle, applied Robertson’s simple growth equation to the 
legeneiation of erythrocytes in peimcious anemia and in othei types of 
anemia The curve of legeneiation during tieatment with desiccated 
stomach or hvei extract is, m geneial, m accord with the giowth equa- 
tion, although a temporal y end point somewhat lower than the normal 
level of the red blood coipuscles must be assumed Ornstem and 
Schouten studied the duiation of life and mode of death of ei)thro- 
cytes in patients with peimcious anemia before and after tieatment with 
livei The mean age of the cells duiiiig relapse is much less than that 
in remission In the foimei state the anomalous cells have a moitahty 
late piactically independent of their age, and their destiuction is landom 
and fortuitous Noiraal individual coipuscles, on the othei hand, aie 
destroyed at an age closely appi oximatmg their mean span of life 

On the assumption that the action of the antianemic pimciple is con- 
ceined with the formation of eiythiocyte stioma rather than hemo- 
globin synthesis, Williams and his colleagues studied the chemical 
composition of the cells and plasma before and aftei treatment They 
found that the sodium, potassium and chlorine contents of the seium 
and erythrocytes were unaffected in pernicious anemia Howe'vei, dur- 
ing relapse there was an increased amount of neutral fat in the serum, 
with an associated deficiency of cholesterol esters and phospholipid The 
lipid values returned to normal after treatment A study of eiyth- 
rocytes showed that they contained an excessive amount of cholesterol 
esters and a deficiency of phospholipid and free cholesterol Both the 
cation and the anion content were elevated, the former being due chiefly 
to the increased potassium and the latter to a gi eater hemoglobin con- 

31 SchipJdt, E Regeneration of Blood, Expressed by Simple Equation, Acta 
med Scandinav , 1936, supp 78, p 195 

32 Ornstem, L S , and Schouten, J F The Duration of Life and the Mode 
of Death of Erythrocytes Before and After the Treatment of Pernicious Anemia 
with Liver, Nederl tijdschr v geneesk 81 1717, 1937 

33 Williams, H H , and others Lipid and Mineral Distribution of Serum 
and Erythiocytes in Pernicious Anemia Before and After Therapy, J Biol Chem 
118 599, 1937 
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tent During i emission both the lipid and the mineral content of the 
led blood cells became noimal The authois suggested that the chemical 
composition of the abnormal erythrocytes m peinicious anemia during 
relapse indicates that the cells not only are m a state of loweied func- 
tion but are m process of degeneration and retrogression 

Bang and 0rskov studied the peimeability of the red blood cells 
to dextrose in 10 patients with pernicious anemia, and m 7 the per- 
meability was tested periodically during the course of treatment The} 
found that during relapse the permeability of the erythiocytes is 
increased to as much as four times the average normal value When 
the anemia disappears as a result of tieatment, the permeability becomes 
normal The explanation of the changes dm mg treatment is uncertain, 
but the following factors should be considered (1) an alteiation in the 
membrane of the circulating red blood cells, (2) the formation of large 
numbers of young red blood cells with low peimeability and (3) a 
diminished destruction of red blood cells, with a lesultant rise in the 
average age of the circulating erythrocytes 

The production and excretion of bile pigment m pernicious anemia 
may be due to increased rate of destruction of hemoglobin, oi it ma} 
result fiom partial or total pathologic metabolism of the precuisois 
of hemoglobin In order to investigate this pioblem Dobnnei and 
Barker studied the excretion of coproporphyrin I of a patient with 
pernicious anemia in relapse and during the return of the red blood 
cells and hemoglobin to noimal They demonstrated a definite increase 
in the amount of coproporphyrin I in the urine and feces during relapse 
and found that lower values were present when the blood leached 
normal limits These observations suggested to the authors that in 
pernicious anemia there is an increase in the production of copropor- 
phyrin I proportional to an increased formation of type III porphyrin 
rather than a pathologic production resulting m a disturbed ratio between 
the formation of type I and that of type III compounds 

Well®® said he believed that in pernicious and other hypeichiomic 
anemias there is a familial, hereditary or acquired “hematic soil,” 
characterized by a pathologic tendency of both the bone marrow 
and the upper portion of the gastrointestinal tract A similai mecha- 
nism IS claimed for aleucie Jienw?? Iiagique and total medullaiy aplasia 

34 Bang, O , and 0rskov, S L Variations in the Permeability of Red Blood 
Cells in Man, with Particular Reference to Conditions Obtaining in Pernicious 
Anemia, J Clin Investigation 16 279, 1937, Hospitalstid 80 141, 1937 

35 Dobrmer, K , and Barker, W H Total Coproporphyrin I Excretion in 
Pernicious Anemia, Proc Soc Exper Biol & Med 36 864, 1937 

36 Weil, PE Le terrain morbide dans le Biermer et les etats d’aplasia 
medullaire. Sang 11 783, 1937 
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Damesliek and Valentine^' studied the sternal bone mairow of 20 
patients with pernicious anemia before and aftei specific therap} 
Twenty-six biopsies weie done, and the results were correlated with 
the status of the peripheial blood and with the response to treatment 
The biopsies weie perfoimed by Seyfarth’s technic, in which a small 
trephine is employed A definite correlation was found between the 
marrow and the blood pictuie foi, generally speaking, the lower the led 
blood cell count, the more primitive and h 3 ^perplastic the mairow The 
marrow of patients with pernicious anemia during relapse uniforml} 
showed marked hyperplasia, with complete replacement of fat by pio- 
lifeiating cells In most cases, especially those m which there was 
severe anemia, the h}'perplasia was due primarily to a marked mciease 
of cells of the megaloblastic series, although myeloid pi ohferation was 
also always found There were also present large numbers of erythro- 
gones (promegaloblasts) and sometimes even moie primitive cells than 
those which resembled histioc 3 des Little tendency towaid matuiation 
of the red blood cells was apparent, for nucleated red blood cells of 
the more mature t 3 'pes were present only m small numbers The mega- 
karyocytes in the blood of patients with low red blood cell counts were 
greatly diminished m number or were absent When the patients 
received liver therapy, striking alterations occurred within twenty-four 
hours after treatment was begun The marrow picture rapidly changed 
to one in which the normoblast was the predominating cell There was 
also a disappearance of the misshapen giant polymorphonuclear neutro- 
phils On the other hand, observations somewhat at variance Avith 
those of Dameshek and Valentine were reported by Storti He studied 
the bone marrow of 4 patients with pernicious anemia at intervals befoie 
and after liver therap 3 ^ Besides the arrest at the megaloblast stage, 
he noted that the normoblast tissue was equal to or greater than that 
of normal marrow With the approach of the height of the reticuloc 3 te 
response there is a disappearance of megaloblastic tissue, and hemo- 
poiesis proceeds by the normoblastic route The antianemic principle, 
he found, does not produce a normoblastic proliferation but causes a 
iipening of the preexisting normoblasts and a reduction of the megalo- 
blastic tissue 

37 Dameshek, W , and Valentine, E H Sternal Marrow m Pernicious 
Anemia The Correlation of Observations at Biopsy with Blood Picture and 
Effects of Specific Treatment in Megaloblastic (“Liver-Deficient”) Hyperplasia, 
Arch Path 23 159 (Feb ) 1937 

38 Storti, E Studio in vivo del midollo osseo nell’anemia perniciosa , sulle 
pnmissime modificazioni morfologico-funzionali del tessuto mieloide conseguenti 
a epatoterapia, Haematologica 18 1, 1937 
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Biopsy specimens of bone mairow fiom patients ^Mth pernicious 
anemia were studied by Jones with particular reference to the origin 
and development of neutrophils He concluded that m pernicious ane- 
mia during relapse there is panmyelopathy The piohferation of mega- 
loblasts in this disease is regarded as a pathologic developmental form, 
rather than the lesult of inhibition of matuiation at the megaloblast 
stage, which is the more common view held in this country In con- 
firmation of Stoiti’s observations* Jones found evidence of actual 
increase in the total numbei of normoblasts m the maiiow of patients 
with pernicious anemia, and he concluded that theie is inhibition of 
maturation of these cells Alterations in the neutrophils, hypei poly- 
morphism, hypei segmentation and gigantism are not consideied as 
degenerative manifestations but as evidence of a pathologic neutiophil 
series Likewise, the megakai ocytes aie pathologically alteied so that 
there is partial failure of production of platelets It is suggested that 
a lack of the antianemic principle may have its primary effect on the 
stem cell or even on the reticuloendothehum 

Manifestations Due to Lesions in the Spinal Coid and Biain and 
PiacHcal Theiapy — In recent years the major pioblem m caiing foi 
patients wnth pernicious anemia has been the prevention and treatment 
of lesions of the central nenous system It is geneially accepted that 
degeneration of the spinal cord and brain is part of the disease piocess 
Herman, Most and Jolliffe^® studied 255 patients with pernicious 
anemia Involvement of the spinal coid was present in 72 5 per cent 
of their cases, and psychotic changes were observed in 15 7 pel cent 

In an attempt to explain the obscure etiology of the pathologic 
changes in the central nervous system due to anemia, Heymans and 
his associates performed some interesting experiments on isolated 
perfused dog heads They concluded that certain nerre centers, proba- 
bly located in the cerebrum, are apparently necessary for continued 
survival of the animal These centers are especially sensitive to anox- 
emia and are irreparably damaged after circulatory aiiest is maintained 
for five minutes or longer Although such conditions are not present 
in pernicious anemia, it is conceivable that prolonged anemia itself may 
aid in the production or development of pathologic changes in the cen- 

39 Jones, O P Origin of Neutrophiles in Pernicious Anemia (Cooke’s 
Macropolycytes) Biopsies of Bone Marrow, Arch Int Med 60 1002 (Dec ) 
1937 

40 Herman, M , Most, H, and Jolliffe, N Psychoses Associated with Per- 
nicious Anemia, Arch Neurol & Psychiat 38 348 (Aug ) 1937 

41 Heymans, C , Bouckaert, J J , Jourdan, F , Now^ak, S J G, and Farber, 
S SurMval and Revival of Nerve Centers Fcllowung Acute Anemia, Arch 
Neurol & Psychiat 38 304 (Aug ) 1937 
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tral neivous system However, anemia cannot be regarded as the sole 
cause of the degeneration of the nervous tissue Woltman and Heck"*^ 
pointed out that funicular degeneration of the spinal cord may exist 
in at least sixty conditions other than pernicious anemia Golden 
emphasized the impoitance of diet in the prevention of neivous disorders 
and discussed the role of various food factors both in the pioduction 
and in the tieatment of these disoiders Some evidence supporting the 
1 elation of food metabolism and degeneration of the spinal cord may 
be gained from the case report of Lacroix and Koek They obseived 
the development of macrocytic anemia and manifestations of involve- 
ment of the spinal cord in a patient nine years after extensive lesec- 
tion of the stomach Satisfactory improvement was obtained with 
parenteral administration of liver extract and vitamin B theiapy 

Conclusions drawn from appaient theiapeutic results should be 
guarded, as it is known that spontaneous vai lations occur in the intensity 
of the neurologic manifestations without any medication It is generally 
agreed that adequate antianemic therapy is of primary impoi tance in the 
tieatment of lesions of the spinal cord Ciiteria of adequacy include 
elevations of erythrocyte and hemoglobin values to noimal levels and 
maintenance of the normal size of the red blood cell Hitzenberger 
advocated massive doses of both liver and stomach prepaiations and 
recommended the use of supplementary vitamins In addition to medic- 
inal therapy, Hyland and Farquharson recommended long periods 
of rest In their opinion the combination of adequate medication and 
prolonged rest prevents changes in the central nervous system, it arrests 
the progress of any existing pathologic condition of the coid and it 
effects considerable improvement, especially m anemia of shoit 
duration 

Moench studied a group of 32 patients with pernicious anemia to 
determine the amount of therapy necessary to maintain the red blood 
cell count at a normal level and the length of time requiied to bring 

42 Woltman, H W , and Heck, F J Funicular Degeneration of the Spinal 
Cord Without Pernicious Anemia, Arch Int Med 60 272 (Aug) 1937 

43 Golden, L A The Role of Diet m Nervous Diseases New Orleans 
M & S J 90 73, 1937 

44 Lacroix, W, and Koek, H C Case of H}"perchromic Anemia with 
Neurologic Symptoms Developing After Resection of Stomach, Nederl tijdschr 
V geneesk 81 2221, 1937 

45 Hitzenberger, K Zur Behandlung der neurologischen Komplikationen der 
Anaemia Perniciosa, Wien med Wchnschr 87 257, 1937 

46 Hyland, H H , and Farquharson, R F Subacute Combined Degeneration 
of the Spinal Cord in Pernicious Anemia, Arch Neurol & Ps}’^chiat 36 1166 
(Dec) 1936 

47 Moench, L Af Variations in Response to Therapy in Pernicious Anemia, 
Ann Int Aled 10 1115, 1937 
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the count to 4,500,000 pei cubic millimetei The aveiage length of the 
maintenance peiiod was twenty-one months, the shortest period being 
five and the longest fifty months Therapy consisted of the intra- 
muscular injection of an average monthly dose of the amount of a 
commercially prepared concentrated liver extract deiived from 300 Gm 
of liver 01 unconcentrated extract obtained fiom 200 Gm of liver pre- 
pared in the laboi atones of the New York Hospital This dosage 
maintained the red blood cells of 70 per cent of the patients above the 
minimum normal led blood cell level of 4,900,000 foi men and 4,400,000 
for women The red blood cell counts of the remaining 30 per cent of 
these patients were only slightly reduced, varying between 3,600,000 
and 4,600,000 for 5 men and between 3,900,000 and 4,200,000 for 
5 women In 8 of this group the disease appeared to be fully controlled 
as far as symptoms and signs were concerned In 1 patient there was 
slow progression of changes in the central nervous system, and in 
another there was no relief from the symptoms of which he had origi- 
nally complained All the women and 3 of the men received approxi- 
mately twice the usual amount of intramuscular therapy, and 2 received 
supplementary liver orally On the other hand, the author reported 
that for 1 patient the blood was maintained at a normal level for a 
year in spite of the fact that he was receiving intramuscularly the extiact 
derived from only 150 Gm of liver Since this followed a period of 
heavy dosage the author said he considered it as evidence of gradual 
storage of active principle which subsequently yields a hemopoietic 
effect 

Observations were also made by Moench to determine the time 
required for the erythrocyte count to reach 4,500,000 and the amount 
of liver preparation used Fifteen of the 33 patients, with an average 
initial red blood cell count of 2,600,000, received by intramuscular 
injection the amount of extract derived from an average of 670 Gm 
of liver, and the red cell count reached 4,500,000 in two months or 
less There were 11 patients with an average initial count of 1,900,000 
for whom more than two months but less than three months was 
lequired before this level was reached They received mtramusculaily 
the extract derived from an average of 1,072 Gm of liver A third 
group, consisting of 7 patients, required from four to nine months foi 
the red blood cells to attain a level of 4,500,000 They received intra- 
muscularly the extract derived from 900 to 6,600 Gm of liver For 
some of these patients the dosage was considered insufficient, others 
were suffering from senility, malnutrition, depressions or infection, 
such as sinusitis It was emphasized by the author that symptoms 
referable to the nervous system are the most seiious and peisistent 
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In slightly ovei half the patients there was subjective impiovement 
Se\enteen of 26 patients who had objective changes of the nervous 
system showed “appaient improvement” as judged by the clinic lecords 
Such a high percentage of patients showing objective evidence of 
improvement m the manifestations of involvement of the cential ner- 
vous system is not m accord with the obseivations of other clinicians 

Hartfall reported therapeutic results for 16 patients with perni- 
cious anemia m relapse and 20 patients receiving maintenance treat- 
ment Intramuscular injections of a concentrated liver extract, 1 cc 
derived from 100 Gm of liver, were emplo)^ed exclusively In all 
cases 2 to 5 cc of this preparation produced a satisfactory reticulocyte 
response Subsequent treatment with 1 to 2 cc at weekly mteivals 
sufficed to elevate the red blood cell count to 4,000,000 oi above m 
twenty-one to thirty-five da)^s except m cases of anemia complicated 
by infection Satisfactory maintenance treatment consisted of the 
administration of 1 cc of the concentrated extract at intervals varying 
from three to eight weeks Individual variations of maintenance 
requirement were emphasized by the author The incidence and the 
severity of neurologic lesions of the patients m Hartfall’s series were 
relatively slight Improvement in nervous symptoms was noted after 
induction of remission in the few cases in which theie was involvement 
of the central nervous system 

Mulholland^® reported a case of pernicious anemia in a man aged 
62 in whom theie was a prompt and characteristic response to the 
intramuscular injection of liver extract After a subsequent relapse, 
attributed to inadequate dosage of liver extract, he was treated with 
32 cc of potent extract by intramuscular injection over forty-five days 
and received in addition stomach U S P for ten days and liver by 
mouth for thirty days of this period During this time no significant 
reticulocyte response occurred, and there was a decline of both led 
blood cells and hemoglobin Subsequently, he was given five intiavenous 
injections each of 20 cc of liver extract derived from 100 Gm of 
liver After forty days the erythrocyte count was 4,500,000 aiid the 
hemoglobin value 76 pei cent Maintenance of these values was then 
effected by the intramuscular injection of 2 cc of liver extiact per 
week No explanation of the lack of response to intramuscular therapy 
IS offered Failure to absorb the intramuscular preparation seems 
unlikely m view of the subsequent satisfactory contiol of the condition 
with this mode of therapy 

48 Hartfall, S J Experiences with Concentrated Whole Liver Extract, 
Lancet 2 317, 1937 

49 Mulholland, H B Intravenous Liver Extract in Therapy of Pernicious 
Anemia Report of a Case, Ann Int Med 11 671, 1937 



938 


ARCHIVES OF INTERNAL MEDICINE 


Sellers made the statement that pnoi to the introduction of liver 
m the treatment of pernicious anemia the average duration of life after 
the diagnosis was made was estimated at two to two and one-half yeais 
Now It IS generally agreed that with proper liver therapy the fatal ter- 
mination may be postponed indefinitely m a majority of cases He 
quoted Stocks as stating that since 1926, when liver treatment was 
introduced, there has been “an average lengthening of life of all pei- 
sons affected with pernicious anemia in England and Wales of about 
three to three and one-half years ” This does not give the true life 
expectancy, because it includes persons who were adequately treated 
as well as those who, for one reason or another, failed to receive ade- 
quate specific treatment prior to the terminal illness The author pointed 
out that wide diffeiences m mortality from pernicious anemia exist 
throughtout the world for reasons which are not apparent For exam- 
ple, m 1926 the mortality rate in Norway was 5 4 and m Ontario during 
the same year the rate was 15 9 per hundred thousand In the countries 
where data were obtained (Norway, the United States, New Zealand, 
England, Wales, Scotland, Canada and the province of Ontario) there 
was an abrupt drop in the moitahty rate in 1927, coinciding with the 
general use of liver in the treatment of the disease This reduction 
has been well maintained In Ontario, for example, the standardized 
specific mortality in 1934 was only 47 per cent of the average level for 
the period prior to the introduction of liver therapy The reduction 
of mortality has been apparent m all age groups up to 70 years, hut 
It has been most marked m youth Sellers concluded 

Comparison of the actual average age at death of persons dying of pernicious 
anemia m Ontario with that to be “expected” on the basis of specific mortalitj 
experience in the period prior to liver therapy, 1921-1926, shows that the net 
increase m the average age of death amounted in 1934 to 5 3 years in males and 
to 5 1 years m females 

During the period from 1921 to 1935, inclusive, there were 6,223 
deaths from pernicious anemia among the policy holders of the Metro- 
politan Life Insurance Company (Dublin and Lotka®^), an incidence 
of 0 3 per cent of all deaths, there were 1,787 white males, 150 Negroes, 
4,015 white females and 271 Negresses The death rate from perni- 
cious anemia was 2 5 per hundred thousand 

50 Sellers, AH A Study of the Objective Efficacy of Liver Therapy in 
Pernicious Anemia Based on Recorded Mortality Data, Am J Hyg 25 259, 1937 

51 Dublin, L I , and Lotka, A J Twenty-Five Years of Health Progress 
A Study of the Mortality Experience Among the Industrial Policyholders of the 
Metropolitan Life Insurance Company 1911 to 1935, New York, Aletropolitan Life 
Insurance Co , 1937, p 533 
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MACROCYTIC ANEMIA OTHER THAN PERNICIOUS ANEMIA 

Recent reviews by Goldhamer and his associates and by Brown 
emphasized some of the etiologic factors which may lead to macrocytic 
anemia A substance necessary for the maturation of red blood cells 
is pioduced apparently by the interaction of a dietary and a gastiic 
intrinsic factor The product so formed is absorbed fiom the intestine, 
it passes thiough and is modified by the liver and is utilized by the 
bone marrow as needed Maciocytic anemia will result if there is 
disturbance of any of the steps involved in this mechanism 

Thus far the extrinsic factor has not been identified Elsom 
observed the development of macrocytic anemia in pregnant women 
leceivmg a diet deficient in vitamin B The anemia responded readily 
to the addition of yeast or to the intramuscular administration of liver 
extract Two patients with featuies simulating pernicious anemia who 
had received a deficient diet for a long time were described by Groen 
and Snappei Both secreted free hy drochloi ic acid, but the quantity 
of gastric juice was decreased One responded to liver therapy and the 
other to autolyzed yeast The authors concluded that the macrocytic 
anemia in these cases was the lesult of a deficiency of the extrinsic 
factor 

Langmead and Doniach desciibed the case of a 13 month old child 
who, they believed, showed the necessary requirements foi a diagnosis 
of pernicious anemia The development of pernicious anemia in a 
woman who drank nitric acid was reported by Alsted In his opinion 
the atrophy of the gastric mucosa due to the nitric acid lesulted in 
failure of production of the intrinsic factor Lake reviewed leports 
of 320 cases in which gastrectomy had been performed for various 
causes In none of these cases did macrocytic anemia develop, although 
an occasional case of microcytic anemia was observed In 4 of a senes 

52 Goldhamer, S M , Bethell, F H , Isaacs, R , and Sturgis, C C Blood 
A Review of the Recent Literature, Arch Int Med 59 1051 (June) 1937 

53 Brown, C L Clinical Features of Macrocytic Anemias, Pennsylvania 
M J 40 922, 1937 

54 Elsom, K O Macrocytic Anemia in Pregnant Women with Vitamin B 
Deficiency, J Clin Investigation 16 463, 1937 

55 Groen, J , and Snapper, I Dietary Deficiency as a Cause of Macrocytic 
Anemia, Am J M Sc 193 633, 1937 

56 Langmead, F S , and Doniach, I Pernicious Anemia m an Infant, Lancet 
1 1048, 1937 

57 Alsted, G Pernicious Anemia After Nitric Acid Corrosion of the Stomach, 
Lancet 1 76, 1937 

58 Lake, N C Partial Gastrectom}’- A Review of Three Hundred and 
Twenty Cases, Bnt M J 2 49, 1937 
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of 40 patients studied foi five to twelve yeais after gastric lesection 
foi ulcei, Manizade noted macrocytic anemia 

In 1936 Israels and Wilkinson desciibed a syndrome characterized 
by macrocytic anemia, free hydiochlonc acid in the gastric contents, 
hyperplastic bone marrow and failme of response to antianemic therapy 
The case of a 19 year old boy who exhibited all the features of this 
syndrome was reported by Abiahamsoii and Thompson,®® who attributed 
the anemia to an intrinsic defect of the bone marrow Wilkinson, Klein 
and Ashford®^ demonstiated the presence of the hemopoietic substance 
m the livers of patients who died as a result of achrestic anemia In 
then opinion, such anemia lesults from failure of the marrow to utilize 
the erythrogemc material 

Macrocytic anemia has been pioduced in animals by vaiious methods 
Rhoads ®- fed indole to dogs on a deficient diet and observed h3’^perplasia 
of the marrow and macrocytic anemia Liver extract was of both 
preventive and curative value Substituting aminopyrine for indole, 
Rhoads and Miller®® also succeeded in pioducing macroc}tic anemia in 
dogs Campanacci and Tosi ®^ obseived in rabbits after injections of 
hydroquinone, resorcinol, phenol oi thyroxin, macrocytic anemia which 
could be prevented or cured b}'- the parenteral administration of hvei 
extract 

Mettier and Purviance ®® failed to produce maci ocytic anemia m 
gastrectomized dogs by administering a diet deficient in vitamin B, 
and they were not able to influence the microcytic anemia resulting from 

59 Manizade, M D Zur Frage dei Anamie nacli Alagenresektion (Das 
Blutbild bei 40 magenresezierten Kranken, 5 bis 12 Jahre nach der Operation wegen 
Ulcus ventnculi oder duodeni), Wien klin Wchnschr 50 1455, 1937 

60 Abrahamson, L , and Thompson, A Achrestic Anaemia, Irish J M Sc , 
Februarj’- 1937, p 66 

61 Wilkinson, J F , Klein, L, and Ashford, C A Haemopoietic Activity 
of the Human Liver Achrestic Anaemia and Aplastic Anemia, Quart J Med 
6 143, 1937 

62 Rhoads, C P Effect of Indol on Hematopoiesis in Dogs Fed Deficient 
Diets, Proc Soc Exper Biol & Med 36 652, 1937 

63 Rhoads, C P, and Miller, D K Effect of Diet on Susceptibility of 
Canine Hematopoietic System to Damage by Amidopyrine, Proc Soc Exper 
Biol & Med 36 654, 1937 Miller, D K, and Rhoads, C P The Effect of 
Diet on the Susceptibility of the Canine Hematopoietic Function to Damage by 
Amidopyrine, J Exper Med 66 367, 1937 

64 Campanacci, D , and Tosi, S L’azione dell’epatoterapia nelle anemie 
tossiche sperimentali da sostanze aromatiche, Gior di chn med 18 391, 1937 

65 Mettier, S R, and Purviance, K Effect of Artificial Achylia Gastnca 
and a Diet Restricted m Vitamin Bs (G) on Hematopoiesis, Proc Soc Expei 
Biol & Med 36 429, 1937 
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lemoval of the stomach H} perchromic anemia m swme following 
gastrectomy was reported by Waterman, Kok and Hirschfeld The 
anemia was favorabl} influenced by the parenteral use of liver extract 

ANEMIA ASSOCIATED WITH OTHER DISEASE ENTITIES 

Hemolytic Anemia — The change m the size and the shape of the 
led blood cells m familial hemolytic icterus is considered by many to be 
a hereditary manifestation Dedichen®' cited the history of 18 mem- 
bers of two families m support of this view Some writers are of 
the opinion that the alteration in the erythrocytes is due to lessened 
vitality of the cells , others believe that there is a primary defect of the 
bone marrow, and, finally, some suggest that the small red blood cells 
and the increased fragility are phenomena of regeneration secondary to 
the increased activit}'- of the bone marrow The disease may occur m 
. either sex, it has no racial distribution and it is transmitted by both 
males and females 

Roentgenographic details of osseous changes, not uncommonly asso- 
ciated with this condition, have been described by Caflfey In the 
opinion of Acuna,®® such alterations of the bones accompanying hemo- 
lytic anemia constitute a new disease that is probably related to the 
erythroblastic anemia of infancy 

Since the treatment of familial hemolytic icterus is specific, it is 
important to differentiate this condition from other types of hemol}tic 
anemia The latter can often be corrected with transfusions or by 
the elimination of specific drugs or allergens Groag has pointed 
out that roentgen therapy is of no value in the treatment of the familial 

66 AVaterman, L , Kok, D J , and Hirschfeld, W K Experimental Hyper- 
chromic Anemia After Gastric Resection, Nederl tijdschr v geneesk 81 2622, 
1937 

67 Dedichen, H G Epidemic Occurrence of Anemic Crises in Hemolytic 
Jaundice, Norsk mag f Isegevidensk 98 279, 1937 

68 Caffey, J Skeletal Changes in the Chronic Hemolytic Anemias (Erythro- 
blastic Anemia, Sickle Cell Anemia and Chronic Hemolytic Icterus), Am J 
Roentgenol 37 293, 1937 

69 Acuna, M Alteraciones radiologicas del esqueleto en la ictencia hemolitica 
Congenita, Prensa med argent 24 1878, 1937 

70 (a) Kohn, S E Acute Hemolytic Anemia During Treatment with 

Sulfanilamide, JAMA 109 1005 (Sept 25) 1937 (b) Harvey, A M, and 

Janeway, C A Development of Acute Hemolytic Anemia During the Admin- 
istration of Sulfanilamide, ibid 109 12 (July 3) 1937 

71 Hutton, J E Favism An Unusualb’’ Observed Type of Hemoljtic 
Anemia, JAMA 109 1618 (Nov 13) 1937 

72 Groag, P Ueber emen Versuch, den Blutbefund bei einem Fall konstitu- 
tioneller hamolytischer Anamie durch Kurzvv^ellenbestrahlung der Milz zu beem- 
flussen, AVien khn AA^’chnschr 50 502, 1937 
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type Sharpe'^® repoited unsatisfactoiy results with iron and livei 
It IS generally agreed that splenectomy is desiiable especially foi patients 
who show marked anemia or who are subject to seveie i elapses 
Although the anemia is coirected and the icterus disappeais aftei 
removal of the spleen, microcytosis, spherocytosis and increased fragility 
persist Resistance to hypotonic salt solution may increase after opera- 
tion, but It does not become normal Gordon, Kleinberg and Ponder 
attributed the change in resistance after splenectom)’’ to a modification 
of the structure of the envelop of the red blood cell 

Changes m the Blood Associated with Infection — Infection may 
cause a disturbance in the balance between the production and the 
destruction of the red blood cells Usually hypochromic and microcytic 
anemia results, although macrocytic anemia is not uncommon Gwyn 
described such anemia associated with rheumatic infection Giordano 
and Blum’'® repoited 3 cases of acute hemolytic anemia (Lederer’s 
type) and summarized repoits of 52 other cases They stated that the 
disease can occur at any age and in either sex Its onset is usually 
sudden and is characterized by headaches, gastrointestinal upsets, 
abdominal pain and, after an incubation period of two to six days, 
severe anemia, pallor, icterus and fever There may or may not be 
splenic or hepatic enlargement Fiee acid is present in the gastric juice, 
there is no glossitis and the disease runs a lapid couise The anemia 
IS macrocytic, with some evidence of regeneration Leukocytosis with 
a leukemoid reaction is most common, but leukopenia may occui 
Hyperbilirubinemia is present, associated with an increase m the excre- 
tion of urobilin and the appearance of free hemoglobin in the urine 
The fragility of the red blood cells is within normal limits Although 
infection is the suspected etiologic factor, it is not proved Blood trans- 
fusions provide the only satisfactory means of treatment 

Studies of the blood m acute iheumatic fevei weie made by Massed 
and Jones ’’’’ Although leukocytosis usually i emamed after the clinical 
manifestations had subsided, a normal white blood cell count might 
accompany clinical signs of active rheumatic fever The authois con- 
cluded that the leukocyte count is nonspecific but that when it is elevated, 

73 Sharpe, J C Hemolytic Jaundice, Intel nat Clin 2 146, 1937 

74 Gordon, A S , Kleinberg, W , and Ponder, E Decreased Red Cell 
Fragilit}’- After Splenectomy, Am J Physiol 120 ISO, 1937 

75 Gwyn, N B Macrocytic Anaemia Associated with Rheumatic Infection, 
Canad M A J 37 117, 1937 

76 Giordano, A S , and Blum, L L Acute Hemolytic Anemia (Ledei ei 
Type), Am J M Sc 194 311, 1937 

77 Massell, B F, and Jones, T D Evaluation of the Signs of Active 
Rheumatic Fever, with Especial Reference to the Erythrocyte Sedimentation Rate 
and Leukocyte Count, New England J Med 215 1269, 1936 
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in the absence of other known cause, subclmical rheumatic fe\ ei should 
be suspected Rae reemphasized the importance of a high white blood 
cell count in coronary lieait disease Pearson and Ne^^ns called atten- 
tion to an unusual leukoc3losis occurring m connection with whooping 
cough 

The hematologic findings in chronic ulceiative colitis and their rela- 
tion to prognosis and treatment were studied by Garvin and Bargen 
They concluded that leukocytosis is uncommon m this disease and that 
when present it is indicative of some complication Both the cytoplasmic 
and the nuclear changes might be used as indexes of the severity and 
the prognosis of the disease process 

Corwin®’- observed the cytologic lesponse of the peiitoneum of 
rabbits after injections of Bargen’s vaccine and variable amounts of 
ricmoleate An increase in the total number of cells occuired after 
twelve to twenty-four hours, affecting first the neutrophils and latei, 
within forty-eight houis, the monocytes 

The total white blood cell count not only is of diagnostic and piog- 
nostic value in infections but is also an important aid in the stud)^ of 
allergic conditions Squier and Madison stated that eosinophilia and 
a 1 eduction of the total number of white blood cells followed with equal 
frequency the ingestion of allergenic foods They concluded that the 
simultaneous enumeiation of eosinophils and total white blood cells 
enhances the value of the leukopenic index Zeller reemphasized the 
importance of the leukopenic index in the study of allergy and stiessed 
the necessity of counting the white blood cells under identical conditions 

Anemm Associated with Cancel — Anemia may or may not be a 
complication of cancel Such anemia may be macrocytic or microcytic 
Leukocytosis is usually present The differential diagnosis between 
pernicious anemia and carcinoma of the stomach may be difficult when 
the latter is associated with macrocytic anemia Held and Goldbloom 

78 Rae, At V Coronary Aneurysms with Thrombosis in Rheumatic Carditis, 
Arch Path 24 369 (Sept ) 1937 

79 Pearson, W J , and Newns, G H Extreme Degree of Leucocytosis m 
Whooping Cough, Lancet 2 254, 1937 

80 Garvin, R O , and Bargen, J A Hematologic Picture of Chronic 
Ulcerative Colitis Its Relation to Prognosis and Treatment, Am J At Sc 
193 744, 1937 

81 Corwin, W C Peritoneal Cytologic Response Experimental Study, 
Am J At Sc 193 251, 1937 

82 Squier, T L , and Atadison, F W Hematologic Response in Food 
Allergy Eosinophilia in the Leucopenic Index, J Allergy 8 250, 1937 

83 Zeller, At Leucopenic Index, Am J At Sc 193 652, 1937 

84 Held, I W , and Goldbloom, A A Carcinoma of Stomach m a Cured 
Case of Addison-Biermer’s (Pernicious) Anemia, J A At A 108 1398 (April 24) 
1937 
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repoited the case of a man with pernicious anemia which was main- 
tained in remission foi several years by means of liver therapy Gastric 
carcinoma subsequently developed The authors advised careful studies 
of the gastrointestinal tract whenever a patient with pernicious anemia 
relapses while receiving adequate therapy Because of the apparent 
1 elation between achylia, pernicious anemia and gastric carcinoma, 
Fabian made quantitative studies of the saliva and reported a reduc- 
tion in the sahvaiy flow m these three conditions, most marked in 
pernicious anemia In his opinion some association exists between the 
secretory glands of the stomach and the salivary glands In an effort 
to differentiate pernicious anemia from the macrocytic anemia of gastric 
cancer, Lasch devised a test to determine the amount of intrinsic 
factor 111 gastric juice If the intrinsic factor acts as do other proteo- 
lytic enzymes, its presence in gastric contents should be demonstrable 
by an increase of nonprotein nitrogen in a digestive mixture Pepsin 
and trypsin activity were eliminated by incubation at a /’h of 5 5 to 6, 
which IS within the active range of the intrinsic factor Of 4 patients, 
3 with proved gastric carcinoma and 1 in whom it was suspected, 2 
showed absence of proteolytic enzyme activity, 1 a decrease and 1 a 
normal proteolytic reaction Of 17 persons with pernicious anemia, 
the enzyme reaction was absent in 12, in 5 it was present m slight 
degree 

Aneima Associated with Endoci me Dysfunction — In recent years 
considerable interest has been shown in the relation of the endocrines 
to hemopoiesis Reich ®' offered a complete clinical and experimental 
summary of this association In cases of advanced Addison’s disease 
there is usually hypochromic anemia with lymphocytosis Marked hypo- 
chromic anemia may also occur in the multiglandular syndromes Often 
lymphocytosis is present in adiposity After castration of animals there 
IS reduction of the hemoglobin value and red blood cell count with 
accompanying leukopenia and occasional lymphocytosis The injection 
of ovarian extract into castrated females has caused reduction of this 
lymphocytosis In eunuchs an increase in monocytes and lymphocytes 
has been observed The removal of the thymus produces little if any 
changes m the peripheral blood of animals, although lymphocytosis is 
occasionally observed Extirpation of the parathyroid glands is often 
followed by increase m the total number of red blood cells In tetanj 

85 Fabian, G Untersuchungen uber die Speichelsekretion bei Magencarcinom, 
pernizioser Anamie und Achylia gastnca, Ztschr f khn Med 131 403, 1937 

86 Lasch, F Ueber eine biochemische Methode zur quantitativen Bestimmung 
des “Intrinsic Factor” nach Castle im Magensaft, Klin Wchnschr 16 810, 1937 

87 Reich, C Endocrines Their Relation to Blood Disorders, New York 
State J Med 37 1271, 1937 
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both relative and absolute l 3 unphocytosis have been noted Similar 
findings have been observed in acromegaly In hvperthyroidism the 
red blood cell count and hemoglobin value usually remain unchanged 
The total leukoc)de count may be normal or decreased, with accompany- 
ing relative lymphocjdosis In severe cases, an absolute increase in the 
lymphocyte count may occur, the eosinophil count is usually increased 
Postoperatively the blood values are usually normal Similai changes 
have been observed m colloid goiter Oral administration of iodides or 
tbyioid usually produces relative lymphocytosis, then injection may 
cause a temporary increase m the numbei of platelets, wheieas insulin 
has the opposite effect In patients with hypothyroidism a reduction of 
the red blood cell count and hemoglobin value has often been noted, 
with a color index usually of 1 or more Hypochromic anemia may 
occur in hemachromatosis, presumably because of disturbances of iron 
and pigment metabolism 

Since hypothyroidism is usualty associated with decreased hemo- 
poietic activity, Limarzi, Keeton and Seed induced the condition by 
thyroidectomy in a patient with polycythaemia vera They stated that 
the blood changes were in the direction of normal There was a per- 
ceptible decrease m the total number of red blood cells Normal values 
vere obtained for the total blood plasma, mean corpuscular hemoglobin 
and mean corpuscular hemoglobin concentration Jaffe discussed the 
association of hypothyroidism and anemia and concluded that he could 
not satisfactorily explain the mechanism of the blood changes 

Sharpe studied a series of 20 patients with myxedema and 
observed anemia in 9 In 2 cases both pernicious anemia and h}po- 
thyroidism were diagnosed He concluded that achlorhydria may facili- 
tate the development of the anemia of myxedema but that it is not 
an essential etiologic factor In his opinion defective hemopoiesis results 
from sluggish oxidation and can be corrected only by thyioid medi- 
cation 

Guinea pigs were hypophysectomized by McFarlane and McPhail 
No changes weie observed in the number of red blood cells or m the 
hemoglobin value When solution of posterior pituitary was injected 
into animals both before and after operation, anemia of varying severity 

88 Limarzi, L R , Keeton, R W , and Seed, L Early Effect of Total 
Thyroidectomy in a Case of Polycythemia Vera (Vaquez-Osler Syndrome), Proc. 
Soc Exper Biol & Med 36 353, 1937 

89 Jaffe, R H Chronic Thyroiditis, JAMA 108 105 (Jan 9) 1937 

90 Sharpe, J C Anemia of Myxedema Its Classification and Treatment, 
Am J M Sc 194 382, 1937 

91 McFarlane, W D , and McPhail, M K Pituitnn Injections and the Blood 
Picture in the Normal and Hypophysectomized Guinea Pig, Am J M Sc 193 • 
385, 1937 
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1 esulted Meyei and his associates hypophysectomized rats and placed 
them in an oxygen deficient chamber Anemia and decrease of reticulo- 
cytes below normal invariably occurred aftei the operation Unlike 
the obseivation for normal rats, exposure to reduced oxygen tension 
failed to produce reticulocytosis or hypeiplasia of the bone marrow 
When, however, the stimulus was applied within ten days aftei the 
hypophysis was removed, an increase occurred in the red blood cell 
count and in the hemoglobin value No changes were observed after 
a lapse of twenty-five or more days after operation Splenectomy before 
removal of the hypophysis did not affect the results Liver extract 
was of no value in correcting the anemia The gonadotropic substance 
from the urine of pregnant women (antuitrm S) produced reticulo- 
cytosis but did not alter the red blood cell count or the hemoglobin 
value Th 3 TOxin not only produced reticulocytosis but increased the 
numbei of red blood cells and the hemoglobin value Although in the 
authors’ opinion the pituitary gland probably affects hemopoiesis, it 
was concluded that there was insufficient proof of direct hormonal 
action Flaks, Himmel and Zlotnik,®^ on the other hand, said the} 
believed that a hypophysial hormone exerts control over erythropoiesis 
Wilson observed changes in the white blood cells of rabbits after 
the intravenous injection of a gonadotropic preparation Leukocytosis 
usually occurred within five to eight hours and was maintained for 
forty-eight to seventy-two hours There was relative and absolute 
increase of the polymorphonuclear leukocytes, with decrease of the othei 
leukocytic elements The values gradually returned to normal 

Gilman and Goodman,”® in a series of carefully controlled experi- 
ments on dogs and rabbits, demonstrated that “pituitrm anemia” might 
be the result of water retention The lowered osmotic pressure of the 
serum piesented an abnormal environment for red blood cells and caused 
their destiuction The authors found that by maintenance of a normal 
electrolyte concentration in the serum after injections of solution of 
posterior pituitary, the resulting anemia could be prevented 

Achylia associated with insufficiency of the anterior lobe of the 
pituitary gland was observed m 5 cases by Snapper In 1 case true 

92 Meyer, O O , Stewart, G E , Thewhs, E W, and Ruscli, HP Hy- 
pophysis and Hematopoiesis, Folia haemat 57 99, 1937 

93 Flaks, J , Himmel, I, and Zlotnik, A Sur I’existence d’une hormone 
hemopoietique dans I’hypophyse, Presse med 45 1261, 1937 

94 Wilson, D Effect of Anterior Pituitary-Like Hormone on the Blood 
Picture in Rabbits, Endocrinology 21 96, 1937 

95 Gilman, A , and Goodman, L Pituitnn Anemia, Am J Physiol 118 241, 
1937 

96 Snapper, I Relation Between Anterior Pituitary Insufficiency and the 
Function of the Stomach and Bone Marrow, Nederl tijdschr v geneesk 81 265, 
1937 
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pernicious anemia developed, and in another anemia associated with 
a high color index was found In the 3 lemammg cases theie was 
no anemia, but there was evidence of involvement of the central nervous 
system It was the author’s opinion that theie exists a relation between 
the pituitaiy gland and the stomach, and as a result of some disturbance 
of this association, either the hemopoietic or the cential nervous system 
may be aftected Snapper, Groen, Hunter and Witts'*" said they 
believed that the pituitary defect occurs first, followed by achlorhydiia 
and latei anemia or subacute combined degeneration They admitted, 
hovevei, that sufficient proof of this theory is lacking 

IRON DEFICIENCY 

Retenhon, Transpo) tahon and Uhhzahon of lion — Duiing recent 
years contributions to the knowledge of iron metabolism have come 
chiefly from animal studies In contiast to the methods of animal 
experimentation the present trend of interest is in the direction of 
investigations on human subjects of the absorption of iron, its mode of 
transference m the body, its retention and its availability for the forma- 
tion of hemoglobin In spite of numerous studies of the intake and 
excretoiy balance of iron, there is as yet no agreement as to the mini- 
mum amount of dietary non required by a healthy adult Excreted 
iron may nevei have been absorbed, it may have been absorbed, unused 
and later excreted or it may be unconseived hemoglobin iron and iron 
from the breakdown of tissue cells The non of various foods cannot be 
absorbed equally from the digestive tract, and it is not certain that all 
the metal absorbed is available for physiologic use It is possible, as 
Heath and Patek have done, to calculate the total quantity of iron 
required by the human body from birth throughout life, but such calcu- 
lations are based on an assumption of 100 per cent conseivation of 
breakdown iron In the healthy adult approximately 75 mg of iron 
IS released daily by the disintegration of erythrocytes, if the efficiency 
of conservation of the metal were 90 per cent, the daily loss to be 
leplaced by diet would be 7 5 mg Hemorrhage or an abnormal rate 
of destiuction of the red blood cells would, of course, increase this 
figure 

Leverton and Roberts '*'* carried out continuous balance studies on 
4 healthy young women for from three to five months The loss of iron 

97 Snapper, I , Groen, J , Hunter, D , and Witts, L J Achlorhydria, 
Anaemia and Subacute Combined Degeneration in Pituitary and Gonadal Insuffi- 
cienc 3 % Quart J Med 6 195, 1937 

98 Heath, C W, and Patek, A J , Jr Anemia of Iron Deficiencj, Medi- 
cine 16 267, 1937 

99 Leverton, R M, and Roberts, L S Iron Metabolism of Normal Young 
Women During Consecutive Menstrual Cycles, J Nutrition 13 65, 1937 
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by menstruation was slight, but the calculation of non i equirements 
gave an optimum daily allowance for a 56 Kg woman of 16 to 17 mg 
daily 

It IS now common experience that for optimum regeneiation of 
hemoglobin m patients with anemia much gieatei amounts of medicinal 
iron are lequired than are necessaiy for the synthesis of hemoglobin, 
and this is tiue legardless of the chemical state of the non administered 
The question arises as to whethei the excess of non is needed solely 
because of inefficient absorption oi whethei, aftei absoiption only a 
portion of the metal is put to physiologic use Recent studies by a 
number of w^orkers emphasize the discrepancy' between letamed iron 
and that employed in the foimation of hemoglobin 

Reimann, Putsch and Schick^®® earned out non balance expeii- 
ments on 7 patients with anemia due to non deficiency and on 2 healthy 
pel sons To all the subjects iron w'as gnen, usually feiious chloiide 
100 mg daily' They detected no letention of the metal by' the healthy' 
subjects but about 50 pei cent letention by' the patients with anemia 
Of the total iron admmisteied to these patients, 20 pei cent went into 
new hemoglobin, and of the non retained, about 45 pei cent was used 
foi hemoglobin synthesis, the diffeience piesumably' effecting repletion 
of the non stores These authors concluded that a positne non balance 
with retention of non foims the basis foi the theiapeutic action of non 
lion balance studies cleaily difieientiate anemia due to non deficiency' 
from other types of anemia 

A series of inA'estigations of the letention and utilization of iron has 
been reported by Fowlei and Barer Their eaihei w'ork paralleled 
m scope the studies of Reimann and his colleagues, but then results 
dififeied somewhat fiom those of the Geiman Avoikeis Ten patients 
with hypochromic anemia weie studied during continuous six day 
peiiods with respect to the intake and excretion of iron and the foima- 
tion of new hemoglobin To each patient w'as given iron and ammonium 
citiates, 1 Gm three tunes a day They found that of the total iron 
administered, an aveiage of 32 6 pei cent was letained, but only about 
2 pel cent w'as used for new hemoglobin Theie w'as no con elation 
betw'een the retention and the utilization of the oially admmisteied non, 
and as much as 5 85 Gm of the metal w'as retained by 1 patient They' 
suggested a possible deleteiious effect of continued administi ation of 
laige doses of non, in that such quantities of letamed metal might 

100 Reimann, F, Fntsch, F, and Schick, K Eisenbilanz\ ersuche bei 
Gesunden und bei Anamiscben II Untersuchungen uber das Wesen der eisen- 
empfindhehen Anamien (“Asideiosen”) und der therapeutiscben Wirkung des 
Eisens bei diesen Anamien, Ztschr f klin Med 131 1, 1936 

101 Fowler, W M , and Barer, A P Retention and Utilization of Oralh 
Administered Iron, Arch Int kled 59 561 (April) 1937 
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lead to pigmentary ciiihosis of the liver The discrepanc} between 
their obser\ations of the percentage of iron utilized for new hemo- 
globin and those reported by the German wmrkers may be attiibuted 
to the much smaller doses of iron used by the latter m then studies 
This ■\iew’- IS supported by a later study of Fowler, Barei and Spiel- 
hagen,^°- in which the}* reported a much higher percentage of iron 
utilization wdien smaller doses w’^eie administered 

Barer and Fowler studied the iron exchange of 15 patients wnth 
achlorhydria and 11 wuth normal or low'' gastric acid a allies in an 
attempt to asceitam the eftect of gastric acidity on the retention of non 
The subjects were consistent!} m negative iron balance while receiving 
diets supplying less than 7 mg of the metal dail} In the presence of 
achlorh}dria there was diminished letention of dietar\ iron but when 
medicinal non was given, 500 mg daily, tlie percentage of the metal 
retained was not affected b} lack of free hydrochloric acid The admin- 
istration of hydrochloiic acid to patients wuth achloih}diia did not 
increase the retention either of medicinal or of food iron They also 
made the striking observation, in diiect contiast to the repoit of Reimann 
and his colleagues, that the presence of anemia did not m their studies 
influence the amount of iron retained 

Barer and Fowler investigated, by means of non balance studies 
in 10 cases of h} pochi omic anemia, the effect of copper and In ei exti act 
supplements on the retention and utilization of iron They found that 
addition of copper led to diminished retention but slightly increased 
utilization of iron w’-hen the latter w'as given in the relativel} small 
amounts of 217 to 260 mg daily When 400 to 500 mg was given 
the effect of copper supplements was negligible Addition of liver 
extract rvas followed by a slightl} decreased retention of iron The rise 
in hemoglobin in their series w'as no moie rapid with the addition of 
copper or In^er extract than Avith iron alone 

The same authors reported their experiences Avith iron admin- 
istered parenterally To 4 patients 0 1 Gm of iron and ammonium 
citrates Avas giA’^en daily by intramuscular injection The non Avas 
retained but failed to appear m neAvly formed hemoglobin Fiom this 
obserAation they concluded that parenterally administered iron cannot 

102 Fowler, "W , Barer A P, and Spielhagen C F Retention and 
Utilization of Small Amounts of Or-allj Administered Iron, Arch Int ^led 
59 1024 (June) 1937 

103 Barer, A P, and Fowler, W M Influence of Gastric Acidih and 
Degree of Anemia on Iron Retention, Arch Int Aled 59 785 (^laj ) 1937 

104 Barer, A P, and Fowler, W M Influence of Copper and a Lner 
Fraction on the Retention of Iron, Arch Int Aled 60 474 (Sept ) 1937 

105 Fow'ler, W , and Barer, A P Retention and Utilization of Paren- 
terally Administered Iron, Arch Int Med 60 967 (Dec ) 1937 
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be lecovered in newly foiined hemoglobin It is not possible to accept 
without qualification the lesults of this study Although it is difficult 
to conceive of a situation in which parenteral non therapy is indicated, 
the high degree of utilization of injected iron for new hemoglobin has 
been demonstrated by numerous investigators and is in accord with 
our own experience The apparently contradictory results obtained by 
the workers m Iowa may be due to their use of relatively small doses 
of non, 12 3 mg daily, since an optimum rate of inciease of hemoglobin 
utilizes approximately three times this amount 

The retention of orally administered non by persons with anemia 
and by those with normal blood values was studied by Brock and 
Hunter They found that both anemic pei sons and those with normal 
blood values retained laige amounts of oially adniinistei ed non and 
that the retention was actually much gieatei than might have been 
infeired from the rate of increase of hemoglobin Brock also reported 
that only 1 of these patients with hypochromic anemia showed an 
increase in hemoglobin commensurate with the iron retained Anothei 
patient had but slight improvement of anemia, although sufficient iron 
was retained to have caused the hemoglobin to become normal had utili- 
zation of the metal been complete When the dosage of ii on was doubled 
the hemoglobin value rapidly rose to normal Evidence was presented 
in this communication foi the greater effectiveness of an excess of non 
as compared with a theoretically sufficient amount of non Small doses 
of ferrous salts, such as 0 6 Gm daily, were not advised, since ease of 
absorption is not the sole factor involved Brock advanced the suppo- 
sition that relatively large amounts of iron in the intestine might 
facilitate the absorption of othei minerals and substances necessarj'' for 
hemopoiesis, perhaps by effecting a change in the bacterial flora 

The observations so far desciibed, as well as others to be mentioned, 
concerning the quantitative difference between iron retained and that 
used for new hemoglobin serve as a remindei of earlier work of Starken- 
stem and Weden A decade ago they concluded that determinations 
of the iron stored in the liver and spleen give no indication of the true 
effectiveness of preparations used in the treatment of experimental 
anemia They advanced the view that the more rapidly iron is stored 
in the liver and spleen, the less pharmacodynamic efficacy it possesses, 
and that active iron circulates throughout the organism for a relatively 
long time 

106 Brock, J F, and Hunter, D Fate of Large Doses of Iron Administered 

Mouth, Quart J Med 6 5, 1937 

107 Brock, J F Relation Between the Hypochromic Anaemias and Iron 
Deficiency, Bnt M J 1 314, 1937 

108 Starkenstein, E , and Weden, H Weitere Beitrage zur Pharmakologie 
und Physiologie des Eisens, Khn Wchnschr 7 1220, 1928 
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Studies of lion transportation weie lepoited by Heilineyei and 
Plotner Deteiminations were made of the iron content of the serum 
after paienteial and aftei oral administration of the metal The normal 
basal level of the non was found to be 0 19 mg pei bundled cubic 
centimetei s, increasing to 0 24 mg after the giving of 1 Gm of i educed 
non by month In hypochiomic anemia with achlorhydiia no such 
increase occuired In 1 case of anemia due to subacute hemorrhage 
the iron content rose from 0 03 to 0 35 mg per hundred cubic centi- 
meters after the ingestion of 220 mg of feirous iron, only a slight 
increase followed the intake of the same amount of feme non 

Mooi e found that the normal range for plasma or serum n on is 
0 05 to 018 mg per bundled cubic centimeters and that the average 
for men is slightly higher than that for women Moore, Doan and 
Arrowsmith subdivided blood iron into (1) iron in hemoglobin, 
(2) plasma iron, probably organic, not ionized and so not dialyzable, 
and (3) "easily spht-off” iron, which was first described by Barkan 
(this IS apparently associated with the led blood cells, is split off by 
dilute acids and bases and is an organic nonhemoglobmous form of 
iron) Plasma iron appeared to be transport iron, its value increased 
markedly even for normal persons after a single large oial dose of the 
metal A temporary increase in the plasma iron content occurred in 
patients with hypochiomic anemia duiing the period of absorption, but 
the basal level for such patients lemained below that for normal pei- 
sons until the anemia was wholly corrected The authors failed to 
confirm Baikan’s view of "easily split-off” iron as iron in transpoit 
and were unable to define its function 

Additional observations on iron metabolism have been made in the 
field of animal experimentation Hart, Elvehjem and Kohler found 
that commercial liver preparations which are effective in the treatment 
of pernicious anemia were, apart from their iron and copper content, 
wholly ineffective in the treatment of nutritional anemia in rats On the 

other hand, when the amount of dietar}'- protein was either qualitatively 
■ » 

109 Heilmeyer, L , and Plotner, H Eisenmangelzustande und ihre Behand- 
lung, Khn Wchnschr 15 1669, 1936 

110 Aloore, C V Studies in Iron Transportation and Metabolism Chemical 
Methods and Normal Values for Plasma Iron and “Easily Split-Off” Blood Iron, 
J Clin Investigation 16 613, 1937 

111 Aloore, C V , Doan, C A , and Arrowsmith, W R Studies m 
Iron Transportation and Metaholism The Alechanism of Iron Transportation 
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J Clin Investigation 16 627, 1937 
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or quantitatively inadequate foi giowth, the late of regeneiation of 
hemoglobin was significantly letarded in the case of young lats with 
nutritional anemia, even though sufficient iron and coppei supplements 
were given Beard and Boggess found that in the tieatment of 
the nutritional anemia of the rat the weekly intrapei itoneal injection 
of 2 mg of colloidal non ovei a peiiod of foui weeks was as effective 
as the daily oral administration of the same quantity of non foi thiee 
weeks They determined the utilization foi the formation of hemo- 
globin of orally administered iron to be 6 pei cent m the case of a 
42 mg dose, divided over a peiiod of thiee weeks, and 22 pei cent foi 
a 10 mg dose over an equal peiiod, foi non given mtiapeiitoneall} 
the utilization was 28 per cent foi 8 mg and 87 pei cent foi 2 73 mg 
ovei a period of foui weeks Supplementing the iron with eithei coppei 
or manganese had no appaient effect Smith and Otis found that 
regeneiation of hemoglobin was more lapid in female than m male lats 
when they leceived the same amounts of medicinal oi of food non 
They attributed the difference as possibly due to greatei stoiage of non 
in the females, the iron becoming available foi hemoglobin foimation 
when coppei supplements are given A sex difteience in the late of 
regeneiation of hemoglobin nas not obseived after two neeks of non 
and copper supplemented feedings Mitchell and Hamilton confiimed 
these observations but attiibuted the sex diffeience to a laigei intake 
of the basal diet by the male lats in obedience to then gieatei giowth 
impulse It has been shown that m the case of anemic lats theie is an 
mveise relation between the amount of milk consumed and the rate 
of regeneration of hemoglobin 

The stomachs were lemoved fiom 2 dogs by Fontes Kunhn and 
Thivolle,^^^ and the animals weie subsequently maintained on a diet of 
rice and milk During a period of six months pi ogressively seveie 
hypochromic anemia developed, which the authois attiibuted to achloi- 
hydria resulting from gastrectomy 

113 Pearson, P B , Elvehjem, C A , and Hart, E B The Relation of 
Protein to Hemoglobin Building, J Biol Chem 119 749, 1937 

114 Beard, H H, and Boggess, T S Comparison of Oral Administration 
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Continuing their studies of the lole of amino acids in hemoglobin 
legeneiation, Fontes and Thivolle^^® reported fuither obseivations on 
dogs made anemic by lepeated bleeding in which, presumabl}, theie 
was depletion not only of iron but of other substances required foi 
hemopoiesis They lepoited results gained from the use of a combi- 
nation of tr}ptophan, histidine and the globinates of non, copper and 
manganese as supeiioi to those obtained from liver Additional studies 
of the hypochiomic anemia of dogs following gastrectomy were repoited 
by Mettiei Kellogg and Purviance Predigested beef was not retained 
by the animals, and iron and ammonium citrates led to an increase m 
the total dail)’- output of hemoglobin of from 0 25 to 2 03 Gm Liver 
extract by injection was ineffective 

Landsbeig^-° studied the reticulocyte lesponse during induction of 
acute fatal hookworm infestation in dogs He found the reticulocytosis 
accompanying the developing anemia identical with that occurring 
during induction of anemia by hemorrhage and so concluded that no 
evidence existed for the theory of myelotoxm inhibition in the etiology 
of hookwoim anemia He also found no signs of hemolysis in the dogs 
with hookwoim anemia 

N^iUiftonal Anemia of Child) en — Duiing the past year a number 
of studies have been reported bearing on the iron requirement duiing 
infancy and the treatment of the nutritional anemia of early childhood 
Stearns and McKinley studied the iron excretion of 7 infants, com- 
mencing at about the tenth day after birth This is the peiiod of 
maximum destiuction of blood, and they found the lowest blood iron 
values between the fourth and the sixth week of life During this 
period the infants remained m constant negative iron balance, with a 
daily loss of 1 25 mg of the metal They said they believed that a sup- 
plementary dietary source of iron is desirable before the sixth month 
Studies of iron balance were carried out by Stearns and Stinger on 

118 Fontes, G , and Thi voile, L Trois nouveaux composes proteido-metal- 
Iiques Les globinates de fer, de cuivre et de manganese , la therapeutique 
equihbree et totale de I’anemie secondaire, valeur comparee du foie de veau cru. 
Bull Acad de med , Pans 116 314, 1936 
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14 healthy infants aged 7 to 54 weeks One subject leceived human 
milk and was nevei in negative balance, although the amount of iron 
letained was small The others weie given evapoiated cow’s milk with 
various modifications of the formula All the infants receiving cow’s 
milk were in negative balance and lost an aveiage of 005 mg of iron 
daily There was no i elation between the age of the infant and the 
ability to letain non Egg yolk and spinach supplements did not increase 
the retention of non Retention was, however, markedly increased by 
the giving of a special iron-contaimng cereal or iron and ammonium 
citrates There was no apparent relation between the amount of iron 
retained and the intake of potassium, calcium oi phosphoius They 
concluded that a daily intake of approximately 0 5 mg of iron pei kilo- 
gram, either as food iron or as a soluble salt, is necessaiy to insure 
letention of the metal and that ample retention is seemed by a daily 
intake of 1 to 1 5 mg per kilogiam 

Schlutz, Morse and Oldham determined the iron i etention and 
utilization of 3 anemic infants Thej^ found that additional iron sup- 
plied by puieed spinach was not retained bj' these infants, the iron of 
apricots, although retained to a slight extent, eftected no change m the 
hemoglobin level One hundred milhgiams of the metal, supplied either 
as ferrous sulfate or as iron and ammonium citiates, led to a marked 
increase in the retention of iron and a use m the hemoglobin value 
The ferrous form was no moie efficacious than the feme salt Supple- 
mentary copper, given as copper sulfate, had no effect either on iron 
retention or on the hemoglobin level The non exchange of 4 children 
with normal blood values and 2 with anemia was studied b} Hutchison 
The children ranged in age from infancy to 11 years Foui da} pre- 
liminary control periods were used, followed by consecutive seven day 
test periods During the test periods there was wide variation in the 
excretion of iron, in spite of a constant intake Feirous sulfate was 
given in amounts totaling 4 to 8 Gm weekly, supplying 0 803 to 1 607 
Gm of iron Over variable lengths of time up to 112 days the subjects 
retained large amounts of iron, in some cases from three to seven times 
the normal total body content of the metal In the case of the anemic 
children, less than 10 per cent of the retained iron was recoverable as 
new hemoglobin For these children the retention of iron was not 
demonstrably allied with the ability to secrete hydiochloiic acid 
Hutchison suggested that retained iron stored in the livei cannot be 
used for the formation of hemoglobin and that, consequently, large 
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doses of medicinal non are necessary since onh non which overflons 
fioin the livei into the cnculation can be utilized for hemoglobin s}n- 
thesis The gastiic acidity of infants and }oung children -was studied 
by Stewart Four gioups were employed (1) anemic subjects, (2) 
postanemic subjects, (3) those with other illnesses and (4) health} 
childien The amount of acid secreted by the stomach was determined 
in lesponse to a stimulus of 40 cc of 7 pei cent alcohol The authoi 
found no correlation between the incidence of anemia and the degree 
of gastric acidity She concluded that m the cases studied, anemia was 
caused solely by deficiency of nutritional iron and that achloihydiia is 
moie likely to follow anemia than to precede it She did, howevei, 
suggest that chronic gastritis might lead to achlorhydria and that the 
two conditions might together influence adversely the absorption of iron 
Fulleiton,’--'* continuing his studies of the blood values for the pooiei 
pel sons of Aberdeen, determined the hemoglobin level of 789 infants 
of all ages up to 23 months His findings indicated that the non con- 
tent at birth is of great importance in determining the time of onset of 
anemia due to iron deficiency However, the amount of stoiage iron 
was related primarily to the biith weight, and no significant coi rela- 
tion was found between the common degiees of maternal iron deficiency 
and the incidence of anemia in infancy It was found that bi east-fed 
infants were less liable to anemia than those receiving an aitificial diet 
Infections produced a rapid fall in the hemoglobin values of the infants 
studied, and even after subsidence of such infection theie might be 
inhibition of response to treatment for a long time In a senes of 298 
infants examined by Fullerton, subnoimal hemoglobin levels, less than 
11 Gm per hundred cubic centimeters, were found for 87 per cent 

Elvehjeni, Duckies and Mendenhall concluded from the treatment 
of 70 anemic infants and children of preschool age that iron and copper, 
a combination of 0 2 Gm of ferric pyrophosphate (supplying 0025 Gm 
of iron) and 0 004 Gm of copper sulfate (supplying 0 001 Gm of 
coppei daily), caused maximum regeneration of hemoglobin vith results 
superior to those gamed fi om the use of the iron salt alone Kato 
earned out experimental and clinical studies of the effect of an iron 
and cobalt mixture in the treatment of nutritional anemia To anemic 
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infants he gave 0 5 Gin of non and ammonium citiates daily, later 
supplemented with 0025 to 0 05 Gm of cobalt daily He concluded 
that the action of cobalt is piobably catalytic, but the evidence pie- 
sented of its actually enhancing the effect of non m the senes repoited 
IS not wholly convincing 

Mackay and Jacob recommended the use of a stable solution of 
ferrous sulfate in the treatment of nutritional anemia of young childien 
Stability was increased by the addition of hypophosphorous acid to a 
solution of ferrous sulfate with dextrose The dosage should be such 
as to supply 0 3 to 0 6 Gm of the iron salt dail)’’ 

Ferious chloride has been prepared in relatively stable foim by dis- 
solving it 111 a solution of cevitamic acid, theieby protecting it from 
oxidation foi about three months Glanzmann and Stolleis reported 
the efficacious use of this preparation in the tieatment of a vaiiety of 
anemias of early childhood The fonnei obtained excellent lesults from 
the use of liver, ferrous sulfate and cevitamic acid m the treatment of 
1 patient with celiac disease and anemia He concluded that the com- 
bination of ferrous iron and vitamin C is preferable to iron alone and 
suggested that vitamin C is related to non metabolism m a mannei 
analogous to the role of vitamin D in the metabolism of calcium and 
phosphorus 

The piophylactic value of iron therapy in infancy was emphasized 
by Alpert^^- He concluded after a suivey of the literatuie that “the 
role of copper, if any, is still unsettled, and that a longei period of 
observation and clinical trial is needed to determine whethei copper is 
an impoitant element m the treatment of anemia” 

In the treatment of anemia due to non deficiency, the use of copper 
in conjunction Avith iron has been repeatedly advocated in spite of the 
fact that eailiei clinical studies which tended to demonstrate its value 
have, in general, been unconfirmed by subsequent investigations Oui 
own experience fails to substantiate the value of copper in the tieat- 
ment of either the nutritional anemia of children or the hypochromic 
anemia of adults In the opinion of Hahn,^“® the influence of coppei 
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on non metabolism has been gieatly ovei emphasized He stated that 
fiom a piactical point of view theie is no indication foi the inclusion 
of this element in anemia theiapy 

Hypochi oinic Anemia of Adults — There has been a levnal of 
inteiest m chloiosis, a disease which has been almost forgotten oi vhich 
when mentioned has been legaided as a nonspecific anemia of adoles- 
cent girls caused by excessive menstrual loss of blood and piobably 
dependent on endociine imbalance Olef attiibuted the appaient 
leinaikable deciease in the incidence of chlorosis to three factois (1) 
moie accuiate diagnostic methods by means of which many conditions 
foimerly classified as chloiosis could now be pioved to be pulmonaiy 
tubeiculosis, bleeding fiom the digestive tract or, m spite of pallor, 
conditions associated with normal hemoglobin values, (2) impiovenient 
in geiieial and peisonal h 3 ^giene, and (3) the present tendency to place 
conditions foimerly called chloiosis in other etiologic categoiies He 
leported 3 cases of chloiosis, 2 of them occurring in twins The chaiac- 
tenstics of this disorder, according to Olef, which together distinguish 
It fiom othei anemias of young women, are the high incidence of gastric 
hypoacidity and achlorhydiia, the frequent reduction of the plasma 
piotein value without reversal of the albumin-globulin ratio, small, 
unusually flat red blood cells that are poor m hemoglobin and the 
common finding of thrombocytosis, which may be marked Heath 
lepoited 2 cases of chlorosis He attiibuted the disorder to one oi 
moie abnormal factois at pubeity, such as unusually rapid giowtli, 
excessive menstiuation, poor dietary intake of iron and such gastro- 
intestinal disorders as achloihydna and prolonged diairhea 

Schij^dt^^® studied the late of legeneration of red blood cells of 50 
patients with hematemesis oi melena from peptic ulcer The patients 
leceived the Meulengiacht tieatment, a full diet of strained food fiom 
the fiist day of admission to the hospital To exclude, so far as pos- 
sible, the effects of prolonged bleeding on the determinations of the 
legeneration late, the lowest blood value after admission of the patient 
to the hospital was taken as a starting point The individual erythio- 
cyte curves were remaikably stiaight, and all tended to meet at one 
point, 4,540,000 red blood cells pei cubic millimeter thirty-thiee days 
aftei the lowest count was obtained, legardless of the starting level 
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These obsei vations wei e in confoi imty \\ ith the author s theoi y of the 
normal late of exchange which is expiessed by the equation 

Average daily rise X Longevity of erythrocytes = Normal value — Lowest value 

Substituting values actually determined in this equation and using 
4,540,000 for the normal value, the average span of life of the 
er 3 hhrocytes was found to be thirty-three days Since the end point 
of regeneration of the subjects studied was below the accepted normal 
level, it may be inferred that a check took place Such a check to the 
increase of erythrocytes may be explained bj' a decrease of production, 
a shortening of life of the red blood cells or an inciease of destiuction 
The size of the check can be assumed to be about 15 per cent of the 
normal rate of exchange In a subsequent article Schij^dt reported 
that age, sex and the form of hemorrhage do not affect greatly the rate 
of regeneiation of erythiocytes Blood transfusion altered the blood 
level temporarily but did not hasten regeneiation Additional evidence 
was presented of the superiority of the Meulengiacht treatment foi 
peptic ulcer with hemorrhage 

Idiopathic hypochromic anemia was defined by Fowler and Barer 
as, in most cases, a chronic hemorrhagic anemia due to menstrual loss 
of blood and an improper absorption of iron resulting from deficient 
gastiic secretion In their cases no evidence was found of faulty iron 
metabolism They observed that massive doses of ii on produced a more 
rapid hemoglobin response in hypochiomic anemia than is obtained 
when smaller amounts are employed However, a daily dose of 1 to 
3 Gm of iron and ammonium citrates produced satisfactory results in 
then cases, even m the presence of achlorhydria, and led to stoiage of 
iron as ^^ell as the foimation of hemoglobin Iron by intramusculai 
injection was practically without effect The syndrome of hypochromic 
anemia, achloihydiia and atrophic gastritis was described by Moi ri- 
sen, Swalm and Jackson They repoi ted on 1 1 patients with anemia 
with a low color index, 9 of these showed complete achlorhydria after 
histamine stimulation and 2 had marked hypochlorhydi la Gastioscopic 
studies of these patients levealed vaiious degiees of atrophic gastiitis 
The authors concluded that the anemia was a manifestation of a gen- 
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■eralized metabolic disorder in which atrophic gastiitis played a domi- 
nating role and that absent oi low free gastric acid nas an important 
pathogenic factor 

Merklen and his associates and later Mainzade studied the 
incidence of anemia following partial gastric resection for ulcer Obsei- 
vations on the blood were made after varying inteivals up to twelve 
3 ^ears after operation The former group of investigators found normal 
blood values in the majority of their series of 28 cases When anemia 
occurred it was of mild degree and of hypochromic type Manizade 
observed normal erythrocyte and hemoglobin values for 36 of 40 patients 
studied The 10 per cent incidence of anemia following partial gastrec- 
tomy was attiibuted to secondary digestive disturbances and to possible 
constitutional piedisposition to anemia 

The treatment of hypochromic anemia was investigated by Gram/^^ 
who calculated the response to therapy as the percentage of the deficit 
of hemoglobin gained during a ten day period Thus if the normal 
value weie assumed to be 14 Gm of hemoglobin per hundred cubic 
centimeteis, a patient with 7 Gm would have a 50 per cent deficit, and 
if after ten days of treatment the hemoglobin value rose to 9 Gm , the 
percentage of the deficit recovered would be 28 6 per cent This figui e 
lepresented Giam’s measure of therapeutic response For optimal lesults 
he advised the use of ferrous pi eparations, supplying 0 3 Gm of iron 
daily His patients were treated, for the most part, with ferrous tai- 
trate, 0 5 Gm three times a da)'^ Duckies, Wills and Elvehjem 
studied the compaiative value of non alone and iron supplemented with 
copper in the treatment of mild anemia of college women Iron was 
given as ferric pyrophosphate, supplying 25 mg of the metal daily, 
copper as copper sulfate, yielding 1 mg of copper daily The addition 
of copper to iron failed to give superior results Seveial iron com- 
pounds in common therapeutic use were found by Underwood to 
contain appreciable cobalt contamination He suggested that cobalt ma}'’ 
possess therapeutic value and may so explain the need for massive doses 
of iron in the treatment of some patients with hypochromic anemia 
An analogy was drawn with the New Zealand “bush-sickness” of sheep, 
in which there is evidence of cobalt deficiency 
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A compiehensive lesume of the entire subject of anemia due to iron 
deficiency, including a senes of case repoits, was published by Heath 
and Patek 

ANEMIA OF PREGNANCY 

Few significant contiibutions to the hteiatuie on anemia of pieg- 
nancy have appeared duimg the past yeai A review of the subject 
w^as published by Evans, who suggested the following classification 
of such anemia 

I Deficiency anemias of pregnancy 

(a) Microcytic 

1 With normal or only temporary deficiency of gastric 
secretion 

2 With permanent deficiency of gastric secretion 

(b) Macrocj'^tic 

1 With normal or only temporary deficiency of gastric 
secretion 

2 With permanent deficiency of gastric secretion 

II Anemia due to hemorrhage 

III Anemia due to sepsis 

IV Hemolytic anemia (due to the action of a hemolytic agent of unknown 
origin) 

It may be appropiiate to supplement Evans’ classification by pointing 
out that the deficiency operating in microcytic anemia of piegnancy is 
primarily a lack of iron and that iron deficiency may occui in preg- 
nancy wuth hypochiomia but without microcytosis Anemia of pregnane} 
with macrocytic deficiency may lesult from a lack of Castle’s intrinsic 
or extrinsic factors, from insufficient vitamin B complex, fiom impair- 
ment of intestinal absorption oi from inadequate intake of piotem The 
macrocytic anemia associated with hepatic damage, although due to 
defective blood formation, can haidly be said to lesult fiom deficiency, 
in the usual sense of the word 

The possible influence of vitamin B deficiency in causing macio- 
cytic anemia during piegnancy was investigated by Elsom Eleven 
piegnant women were divided into two gioups To those m gioup 1 
comprising 8 subjects, a diet ivas given which possessed the lelativel} 
low vitamin B pei caloric latio of approximately 1 66 The vitamin B 
requirement of the subjects, calculated accoiding to Cowgill’s foi inula, 
averaged 1 5 at the beginning of the study The vitamin B demand 
increased m proportion to the gam m weight of the subjects, and since 
the diet was both qualitatively and quantitatively constant, the lequire- 

144 Evans, E H Anemias of Pregnancy, J Obst & Gynaec Brit Emp 
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ment of vitamin B exceeded the supply after about the two bundled 
and forty-fifth day of piegnancy Those in gioup 2 leceived a vaiied 
diet, pioviding a vitamin B ratio of about 2 8 Aftei the theoietic 
demand foi vitamin B had exceeded the supply, the membei s of the fii st 
group showed clinical signs of vitamin B deficiency, including anorexia, 
constipation, glossitis with ulceration of the tongue, paiesthesia of the 
extremities, impaiiment or loss of Mbratoiy sense and symptoms of 
anemia Studies of the blood for this gioup levealed maciocytic anemia, 
with a high coloi index, poikilocytosis and immature eiythrocytes and 
leukocytes Similar changes in the blood were not observed foi the 
contiol gioup 

The subjects with evidence of vitamin B deficiency were given yeast 
by mouth or liver extiact parenterally, with complete lelief of all symp- 
toms and with return to normal of the blood findings 

Napier and Das Gupta earned out studies of the blood of women 
111 India during pregnancy He found the hemoglobin level of females m 
the general coolie population to be considerably below that of females 
of other countiies, but there was no evidence of a geneial lowering of 
the hemoglobin value during pregnancy The incidence of outspoken 
anemia was slightly gi eater during gestation, especially for the younger 
women and during the first pregnancy 

Mays lepoited a case of seveie macrocytic anemia of pregnane) 
that was of special mteiest because of associated maiked thiombopema 
with purpuric manifestations The anemia, thrombopenia and purpuia 
responded favorably to parenteral liver therapy Malarial parasites were 
found in the blood of this patient, but the response to liver occuried 
independently of treatment of the malaria 

POLYCYTHEMIA 

Lee emphasizes the familial element m polycythaemia vera He 
said he felt that graduations of severity of the disease in ceitain families 
IS against the idea of a neoplastic cause but favors a secondary response 
to some substance or condition, which, however, is not a lecognizable 
form of anoxemia Lee said he favored phenylhydrazine rather than 
venesection or roentgen therapy, because of its easiei application to the 
average ambulatoiy patient 
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Mogensen“® found that five months’ treatment with gastiic lavage 
as well as the low animal protein diet of Herzog was ineffective in pro- 
ducing a 1 emission m a patient with a led blood cell count of 10,000,000 
per cubic milhmetei 

Bernard was able to pioduce irritation of the bone mairow b} 
the injection of tai into the maiiow Leukemic and polycythemic reac- 
tions developed 

In a man of 66 yeais with Geisbocks type of pol} cythemia, Decouit, 
Mathieu and Blaiie^®“ found that iriadiation ovei the hypophysial aiea 
was ineffective However, in seven months fifty-thiee iiiadiations over 
the bones and seven ovei the spleen caused a reduction in the led blood 
cell count from 9,200,000 to 5,800,000 pei cubic millimeter Apropos 
of this case, Lechelle commented on a 24 yeai old w oman with a 
hypophysial adenoma, polycythemia and aciomegaly Remoial of the 
adenoma was followed by amelioiation of the condition, suggesting a 
connection between the two Decouit, Joly and Blau obtained good 
lesults with teleiocntgenotheiap}^ m a woman of 54 3 eais After six 
months the i ed blood cell count was i educed fi om 7,350,000 to 4,000,000 
per cubic inillimetei In the autliois’ opinion, the ii radiation does not 
cause lysis or neciosis of the cells but liastens matin ation and death 
from senility 

Lemierre, Laporte, Reilly and Laplane^'^ leported the development 
of polycythemia (8,000,000 cells) in a 39 year old man nith infection 
due to Bacillus perfnngens of the periiectal fossa The sjinptoms 
included icterus and neplnitic complications, conditions in which one 
frequently finds anemia 

Josland found that the addition of 1 pei cent cobalt sulfate to 
the diet of 2 lats was followed by loss of weight and polj'cjdhemia 
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AMthin seven weeks Tlieie was no cirrhosis of the hvei, although much 
of the cobalt was stored in this organ 

Biewer^®^ was not able to produce cobalt pol} cythemia in dogs, 
even with comparable doses which would have caused a 50 pei cent 
increase in red blood cells in the rat Cobalt chloride caused toxic 
necrosis of the tissues of the dog on subcutaneous injection, although 
this method of administration is not injurious to the rat Davis,^®'’ 
howevei, found that the oial admmistiation of 2 mg of cobalt (as cobalt 
chloiide) per kilogram daily to dogs pioduced about a 20 per cent 
increase in the eijthrocyte value No toxic sjanptoms weie noted in 
dogs which received 6 mg pei kilogram daily for tliiee weeks 

Cohen found that the characteristic change in the fundus m poly- 
cythemia IS distention and engorgement of the letinal veins, due to 
increase m blood volume and thinness of the venous wall A puiphsh 
color IS caused by an increase m caibon dioxide Individual patients 
may show venous engorgement, edema of the disks, letinal hemoirhages, 
postneuiitic atrophy of the optic neive and peiivasculai ti ansuclation 
of plasma 

Vascular complications were noted in one thud of the patients with 
potyc} themia by Norman and Allen.^^® a greater incidence than that in 
other patients of the same age and sex Tieatment of polycythemia 
is advisable to prevent vascular lesions 

In the patient repoited on by Schnetz thiomboaitentis ptilmonahs 
developed Clinical sjmptoms of acute aleukemic myelosis (agianulo- 
cytosis) were noted In another patient with polycythemia a phlegmon 
of the hand developed, accompanied by mild neutropenia Implo^ement 
was noted on administration of vitamins A and C 

Seggel,^®" in describing a case of polycythemia, noted the association 
of hepatic cirrhosis with polyglobulism Ascites ma}'’ suggest this lesion 
01 thrombosis of the portal vein In such cases the patients may also 
show icteius 

In a 25 year old man with alcoholic cn rhosis of the liver and ascites, 
polycythemia was present There was erythrosis, absence of macro- 
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cytosis and chaiacteiistics of Vaquez’ disease Relief was obtained with 
phenylh}diazine, and Benhamou, Foures and Mutin concluded that 
cirrhosis of the liver is not a contiaindication to this type of theiap) 

Fiom poiphyiin studies, Dobiinei concluded that there is inci eased 
hemopoietic activity m pernicious anemia, polycythaemia vera and Hodg- 
kin’s disease 

In none of 6 patients with polycythaemia veia weie Israel and 
MendelH®® able to demonstiate gonadotiopic substance m the mine 
(Zondek method) 

Sachs, Levine and Giiffith studied the lecipiocal i elation of coppei 
and non in the blood The iron content of the blood foi normal men was 
found to average 50 mg per hundred cubic centimeteis and foi women 
45 mg The copper content of the blood of both was 0 132 mg per 
hundred cubic centimeters H)^percupi emia was associated with hypo- 
ferronemia In a 65 year old woman with polycythemia, the non and 
coppei contents of the blood were 53 16 and 0 113 mg, i espectivel} , 
when the led blood cell count was 6,080,000 pei cubic milhmetei On 
the production of anemia with phenylhydiazine (3,520,000 eiythio- 
cytes) the copper and iron contents of the blood weie 39 36 and 0 2 mg , 
respectively Thiough relapses and induced i emissions the iron content 
paralleled the red blood cell count, while the copper content rose and 
fell m a leciprocal relation 

McCance and Widdowson found that less than 0 5 pei cent of 
the non liberated by the hemolysis of the led blood cells m the acetyl- 
phenylhydiazme treatment of a patient with polycythemia was excreted 
Of the nitrogen, 31 per cent was eliminated, of the potassium, 5 per 
cent, and of the copper, 30 per cent Aftei discontinuance of the medi- 
cation a lapid destruction of the red blood cells followed, with a tem- 
porary use in the blood urea content to 145 mg per hundred cubic 
centimeters and with an increased excietion of urea, creatine and 
undetermined nitrogen 

161 Benhamou, E , Foures, and Mutin L Cirrhose de foie avec poFglo- 
buhe traitee par la phenylhydrazine, Sang 11 772, 1937 

162 Dobnner, K Porphyrin Excretion in Feces in Normal and Pathological 
Conditions, J Biol Chem 120 115, 1937 

163 Israel, S L , and Mendell, T H Excretion of Gonadotropic Substance 
in Poh^cythemia Vera, Endocrinology 21 123, 1937 

164 Sachs, A , Levine, V E, and Griffith, W O Reciprocal Relationship 
of Copper and Iron in the Blood Polycythemia Vera, Proc Soc Exper Biol & 
Med 35 6, 1936 

165 McCance, R A , and Widdowson, E M The Fate of Elements Removed 
from Blood Stream During the Treatment of Polvc} thaemia by Acetylphen 3 d- 
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Sgalitzer^°® advised the use of “total iriadiation” in the treatment 
of polycythemia The entire body is irradiated from a source at 1 5 
meters (180 to 200 kilovolts on six successive days for fifteen minutes 
daily, alternating the vential and the doisal surface of the body) The 
leukocyte number is used as a gage of treatment From twelve to 
twenty-two irradiations may be given in from four to ten weeks, 
depending on the sensitivity of the leukocytes Relapses have been 
noted in from eighteen months to five years 

Betioux and Marcouhdes found that their patient with erythiemia 
resisted roentgen therapy , in fact, the treatment exaggerated the symp- 
toms Phenylhydrazine hydrochloride, m doses of 0 05 Gm for foui 
days, 0 1 Gm for four days and 0 15 Gm for thiee days, gave a satis- 
factory hemopoietic response 

Limarzi, Keeton and Seed®® lemoved the thyroid gland from a 
patient with polycythemia During the course of the subsequent year 
there was gradual symptomatic and hemopoietic impiovement 

Stephens and Kalti eider ’■®® studied the therapeutic use of venesec- 
tion m 5 cases of polycythemia Remissions of from eight months to 
two years were obtained by withdrawing 500 cc of blood at intervals 
of one to three days until the red blood cell count, hemoglobin value 
and hematocrit percentage reached normal or slightly subnormal levels 
Excellent symptomatic remissions weie experienced, and no evidence 
of stimulation of the bone marrow (reticulocytosis) was noted 

PURPURA HAEMORRHAGICA 

Purpura may be caused by many factors, and various forms have 
been classified In an attempt to clarify the complex problems asso- 
ciated with the multiple etiologic factors of purpura, Ainsworth and 
Mettier and Purviance have offered simple classifications Peck, 
Rosenthal and Erf have studied the mechanism of the production of 

166 Sgahtzer, M Ueber Rontgen-Totalbestrahlungen bei Blutkrankheiten, 

Wien klin Wchnschr 50 125, 1937 
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52 1390, 1936 
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171 Peck, S M , Rosenthal, N , and Erf, L Purpura Classification and 
Treatment, with Special Reference to Treatment with Snake Venom, Arch 
Dermat & Syph 35 831 (May) 1937 
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purpura and have classified the disease from a dermatologic and hema- 
tologic standpoint According to these authors, bleeding may be due 
to diapedesis or to rupture of the capillary wall Increased capillary 
pressure, suction and reduction of intercellular tissue between the endo- 
thelial cells aid diapedesis Rhexis of the capillary wall is caused by 
toxins, heavy metals, snake venom or trauma In addition to changes in 
the vessels, purpura may be due to thrombopenia, essential or secondary 
To determine which of these factors is the cause of purpura, Peck and 
his co-workers recommended the snake venom test 

Fleischhacker,^^^ studying the pathogenesis of the purpuras asso- 
ciated with deficiency of platelets, observed that the problem could be 
simplified by studies of the bone marrow The physiochemical changes 
of the blood associated with experimental purpura were noted by 
Tocantins He stated that there are a moderate decrease m the vis- 
cosity of the blood and a transient increase in the nonprotem nitrogen 
content Venous pressure, the viscosity of the plasma, the specific colloid 
osmotic pressure and the protein content of the plasma are not altered 

Both hereditary and acquired thrombopemc puipura have been 
described Posner pointed out that puipura is rare in pregnancy 
and that even more rare is the occurrence of purpuia m the fetus 
Wintrobe and Hanrahan^"® concluded from then observations in a 
series of 62 cases that the disease is predominant in childhood oi ado- 
lescence, the sex incidence is equal and the disease rarely occurs in 
Negroes They added that the course is variable, acute episodes are 
the rule rather than the exception, and recuirences are common Per- 
nokis reported 17 cases of symptomatic purpura and 5 cases of 
idiopathic purpura in a series of 2,728 cases Purpura associated with 
dysmenorrhea has been noted by Smith Hazel and Snow observed 
purpura in a patient with septicemia due to gonococcic infection The 

172 Fleischhacker, H Ueber Thrombopemen (Einteilung und Knochen- 
marksbefunde) , Wien klin Wchnschr 50 1480, 1937 
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relation of purpura and lupus erythematosus was discussed by Keil,^'® 
who pointed out that the reduction m platelets is due to their with- 
drawal fiom the blood stream and their inclusion in the thrombi in 
the smaller blood vessels Purpura due to “drug poisoning” has been 
observed by Kramer/®° van Andel and Groen,^®^ Schonberg/®^ Good- 
man and Levy ^®® and Padget and Moore ’^®* 

Purpuia associated with alterations m the permeability of the vas- 
cular membianes may be the lesult of allergy Wiight and BacaP®® 
reported a case of allergic tuberculous purpura Idiopathic thrombo- 
penic puipura due to an anaphylactoid reaction was observed by Lytle 
and Ward ^®® Squier and Madison ^®" stressed the importance of food 
allergy as a cause of purpura and reported 3 cases m which the etiology 
was proved That allergic purpura may present a serious surgical 
problem was stressed by Althausen and his colleagues ^®® These authors 
pointed out the necessity of a carefully taken history and the value of 
blood studies to differentiate allergic purpura from an acute abdominal 
condition They added that the use of epinephrine may also be of 
value for establishing a definite diagnosis 

The determination of the causal factor of purpura before the insti- 
tution of treatment is most important, and since this cannot always 
be accomplished, failure of therapy may result Sternal puncture ^®® to 
determine the presence or absence of megakaryocytes should be per- 
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formed before splenectomy is attempted In many instances the removal 
of the spleen has been followed by little or no improvement The 
failure of improvement may be due to the fact that the bone marrow is 
not producing platelets , hence splenectomy is an unnecessary procedure 
Wmtrobe stated that splenectomy is not specific, Mettier and Pur- 
viance stated the opinion that the removal of the spleen is of ques- 
tionable value , Ainsworth recommended this procedure 

Peck and his co-workers advised the use of snake venom 
Eagle studied the various types of venoms and then effectiveness 
and noted that about SO per cent were of value Roentgen therapy has 
been employed by Mettier and Purviance with good results, but Ains- 
worth concluded that its value is questionable In cases of drug 
poisoning and allergy the inciting factor should be removed Hilde- 
brandt observed satisfactory results with vitamin C and iron, whereas 
Vervloet^®^ reported the opposite Since spontaneous remissions are 
not uncommon, a conservative attitude must be adopted concerning the 
value of the various therapeutic agents recommended 

HEMOPHILIA 

The essential clinical features of hemophilia are its inheritance, the 
occurrence in males, a history of repeated hemorrhages, a prolonged 
clotting time and a normal bleeding time The disease is transmitted 
according to the mendehan laws by the female Bauer and Meller^”® 
said they were not entirely in accord with this view They carefully 
reviewed the literature referable to the presence of hemophilia in ivomen 
and stated that there is sufficient evidence to justify the assumption that 
hemophilia may exist in females In support of this conclusion they 
cited 4 cases 

Included m the group of diseases associated with abnormal bleed- 
ing IS a syndrome known as hereditary pseudohemophilia Fowler 
described 2 cases of this disease The outstanding clinical features are 
hereditary transmission by either sex to either sex, occurrence at any 
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age (usually late childhood or adolescence), recurrent hemorrhages 
from any oigan (spontaneous or traumatic), noimal platelet count, 
prolonged bleeding time and normal clotting time 

Pachman^®^ described 3 cases of hemophilia in Negroes, in 2 of 
which theie was a definite family history He stressed the fact that the 
occurrence of this disease in Negroes is rare Placental extract was of 
value in 1 of 2 cases Estiogemc substance (theelm) proved helpful 
in 1 instance 

The defect of the coagulation mechanism has lecently leceived con- 
siderable attention Bendien and van Creveld^°® isolated a substance 
from normal fresh serum or plasma which will promote coagulation in 
blood of a hemophiliac person The investigators said they believed 
that this factor is absent from the blood in hemophilia Patek and 
Taylor and Pohle and Taylor also have isolated a substance from 
noimal plasma which promotes coagulation A detailed method for 
obtaining this material is described by them Various experiments 
employing the use of this product with favorable results are reported 
The effect of trypsin on the clotting of blood in hemophiliac persons 
was studied by Tyson and West The authois concluded that trypsin 
accelerates coagulation of the blood in vitro and that its action is similar 
to that of thrombin 

In spite of the impoitant experiments which have been performed, 
the specific treatment of hemophilia still lemains a mystery Some of the 
common agents employed are whole blood, citrated blood, human plasma, 
human and animal serum, defibrmated blood, hemostatic preparations, 
fibrinogen, cephahn, calcium, sodium citrate, protein shock, liver and its 
derivatives, whole ovary and ovarian extracts Kohl reported satis- 
factory results with histidine administered enterally and parenterally 
The value of estrogenic substance has yet to be established Pohle and 
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Haddock recommended the use of maggot theiapy for infected 
wounds They stated that the danger of hemorihage is minimized and 
the infection is readily eliminated 

BLOOD clotting 

The most extensive leview concerning the necessary factois for 
coagulation and the mechanism involved has been published by Eagle 
Heihngbrunner and Schorcher have pointed out that cessation of 
bleeding and coagulation are independent processes Bleeding from 
vessels is controlled by the contraction of the vessel walls and as long 
as hemorrhage continues a clot cannot form The natuie of the clot has 
received considerable attention fiom McKhann and his co-workers 
They described it as a firm gelatinous mass with meshes of fibrin, con- 
taining variable amounts of water and some formed elements of the 
blood Variations m the clot content may occur in different blood 
dyscrasias 

Several interesting experiments relating to coagulation of the blood 
have been performed Terazawa and his colleagues determined the 
effect of vitamin C on coagulation They said that they believed that 
It accelerates the process by increasing the number of platelets and the 
amount of thrombin and fibrinogen Taliaferro and Haag^°“ stated 
that Congo red in small amounts decreases the coagulation time but that 
large doses tend to have the opposite effect Delayed or prolonged 
coagulation subsequent to anaphylactic shock was said by Eagle and his 
co-workers to be due to an increased amount of antithrombm Brink- 
hous, Smith and Warner”®® stated that the hemorrhagic disease of 
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newborn infants is probably due to decreased amounts of prothrombin, 
which condition may be readily corrected with transfusions The effects 
of histidine on the clot mechanism were studied by Bloch, Kosse and 
Necheles,^°° who concluded that it has no apparent effect The role of 
calcium m clot formation was investigated by Ferguson In his 
opinion, calcium is probably a thrombin stabilizer 

Dam and his co-workers first suggested that a certain dietaiy 
deficiency m animals produces a marked hemorrhagic tendency The 
missing substance was termed vitamin K It is fat soluble and is pi esent 
in hog liver oil, cabbage, spinach, tomatoes and alfalfa It occurs in a 
nonsterol fraction of unsaponifiable fat, and it closely resembles vitamin 
E in solubility and in resistance to heat 

Almquist isolated vitamin K and described a method for concen- 
trating It Almquist and Stokstad further demonstrated that chicks 
with a hemorrhagic tendency can be cured with an extract from alfalfa 
The vitamin was described by Almquist as a nonmtrogenous substance 
with an aromatic nucleus, it does not contain phosphorus, sulfur or a 
sterol ling It is alkali labile, heat stabile and optically inactive, with a 
molecular weight of about 600 Ultraviolet light, aluminum oxide and 
magnesium oxide destroy its activity 

Schonheyder demonstrated that vitamin K is pi esent in pio- 
thrombin of normal chicks but absent or inactive in chicks with 
hemoi rhagic disease Roderick showed that a marked hemorrhagic 
tendency exists in animals fed spoiled sweet clover hay, and that this 
tendency to bleed is related to a deficiency of prothrombin Dam, 
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Schonheydei and Lewis determined the lequiiements of vitamin K for 
various species of animals In some species hemorrhagic symptoms 
developed rapidly with a deficient diet and responded readily to sub- 
stitute treatment, in others, symptoms developed slowly and in some 
the deficient diet had no effect The authors explained these differences 
by stating that (1) some animals may not need vitamin K, (2) others 
may synthesize it and (3) bacteria may produce vitamin K in the in- 
testines of certain animals They have never observed the disease in 
man and reported that vitamin K is of no value to hemophiliac persons 

The so-called vitamin T factor (fat soluble) was studied by Schiff 
and Hirschberger The vitamin is present in sesame oil and is not 
present in cod liver oil and olive oil When administered in therapeutic 
amounts to children, it produced a marked increase in the number of 
platelets 

BANXds DISEASE 

An accurate appreciation of Banti’s disease, as described by Banti 
in 1881 and 1894, may be obtained from translations of his original 
articles Banti stated that the course of the disease could be divided into 
three stages which lasted for several years He postulated that the 
etiologic agent was an unidentified toxic substance that was carried to 
the spleen, with secondary involvement of the liver The pathologic 
changes noted were sclerosis of the splenic vessels, atrophy of the mal- 
pighian corpuscles, induration of the pulp, sclerosis of the portal system 
and atrophic cirrhosis of the hvei The treatment was splenectohiy 

The existence of this disease at present is questioned The patho- 
logic changes, which were thought by Banti to be specific, have been 
shown by Thompson and his co-workers to be due to increased 
pressure m the splenic vein, with secondary effects in the spleen 
Gravano also said he believed that pi unary splenomegaly involves 
the portal and splenic veins or the splenic veins alone The former is 
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termed the diffuse mtrapenphlebitic type and is toxic or infectious in 
nature, the latter is the cryptogenic form, and the etiologic factor is 
unknown 

The most commonly observed symptoms and signs, as well as the 
outstanding differential diagnostic features, have been reviewed by 
Foti““^ Splenomegaly, weakness, hemorrhage, enlargement of the livei, 
jaundice and ascites are the most common findings Fittipaldi 
described the case of a young girl with miliary tuberculosis who presented 
the clinical picture of Banti’s disease He said he believed that ciiihosis 
of the liver may be due to chronic intoxication from tuberculous toxins 
from the spleen which enter the hepatic visceia through the portal 
system The hematemesis which is so common was said by Serafin 
to be the result of mechanical and pathologic changes in the spleen He 
concluded that the enlargement of the spleen compresses the henal vein 
and causes secondary traumatic changes m the blood vessels, with the 
production of aseptic thrombophlebitis The physiopathologic factor is 
an increase m the pressure in the venous system, as previously men- 
tioned 

For several years the accepted treatment for Banti’s disease has been 
splenectomy Serafin recommended removal of the spleen early in 
the course of the disease He also said that anastomosis of the portal 
system and the inferior vena cava may be of some value Gravano 
advised splenectomy for the cryptogenic form of splenomegaly but not 
for the diffuse intrapenphlebitic type Serbin,^^^ m discussing the 
presence of splenomegaly in pregnancy, stated that transfusions and 
splenectomy are indicated to prevent the progress of the disease 
Bergeret and Caroli stated that splenectomy is beneficial in selected 
cases only An unusual case of splenic anemia which was benefited by 
splenectomy was reported by Manson-Bahr, Strauss and Ruttan In 
opposition to these observations, Lawrence said he doubted the existence 
of the disease and stated that splenectomy is of no value 
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ERYTHROBLASTOSIS TOETALIS 

In erythroblastosis foetahs Javert noted that the placenta may be 
yellow, the vernix deep yellow, and the fluid which appeals on ruptuie 
of the membranes, amber The newborn child shows a palpable liver 
and spleen In the birth of these infants it is preferable to use no 
anesthetic Erythroblasts appear m the blood of the infant and in the 
fetal capillaries of the placenta m inci eased numbers At the Woman’s 
Clinic of New York the incidence noted m 1936 was 1 400 infants, but 
the actual incidence is probably greater 

Nittis and Spiliopulos noted a similarity between erythroblastic 
anemia and congenital malaria both as to blood and as to skeletal 
changes Seven of 8 patients with erythroblastic anemia wei e apparently 
completely relieved of all their clinical and hematologic symptoms aftei 
a maximum period of three months of quinine therapy 

Caflfey made a roentgen study of 21 cases of eiythioblastic anemia 
The earliest lesion of the skull was a thickening of the lower frontal 
squamosa Radial striations developed first in the anterior portion of 
the parietal bones near the sagittal sutuie, and the frontal bone was the 
site of the earliest and most marked thickening The first change in 
the long bones was dilatation of the medullary canals, with atrophy of the 
cortical and cancellous bone Reticulation of the long bones did not 
appear until several months later In 15 cases of sickle cell anemia, no 
significant changes were observed m the long bones, but in 10 cases 
there was thickening of the calvarium similai to that seen in cases of 
erythroblastic anemia Vertical striations of the skull were not present, 
but m contrast to erythroblastic anemia, the parietal bones showed moie 
marked involvement than the fiontal bones In 6 cases of chionic 
hemolytic icterus there were no significant changes in the long bones 
Two of the patients showed thickening and striation of the calvarium 
similar to those of erythroblastic anemia, but the parietal bones weie 
more involved than the frontal 

In this connection the observations of Wakefield, Dellingei and 
Camp^-® on the osseous remains of the mound builders in eastern 
Arkansas are of interest Two skulls and the femurs and tibias showed 
characteristic changes suggesting sickle cell anemia, congenital hemolytic 
jaundice and erythroblastic anemia, similar to that usually found in 
members of the Mediterranean races 

227 Javert, C T Erythroblastosis Fetalis as a Cause of Infantile Mortality 
Preliminary Report, Am J Obst & Gynec 34 1042, 1937 

228 Nittis, S , and Spiliopulos, G Similarity of Erythroblastic Anemia and 
Chronic or Congenital Malaria Successful Treatment of Eight Patients with 
Qmnme, Am J Dis Child 54 60 (July) 1937 

229 Wakefield, E G , Dellinger, S C , and Camp, J D A Study of the 
Osseous Remains of the “Mound Builders” of Eastern Arkansas, Am J M Sc 
193 488, 1937 
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SICKLE CELL ANEMIA 

Robinson-^'’ found that red blood corpuscles aspirated from the 
sternum of a patient with sickle cell anemia showed the same tendency 
to sickle as blood from other regions 

Cardozo found that both the blood grouping and the distribution 
of immune agglutinogens M and N did not differ mateiially m patients 
showing sickling from those of normal persons In Chicago the inci- 
dence of sickling was 9 42 per cent m Negroes and 0 32 per cent m 
non-Negroes The average incidence given m other available reports 
was 744 per cent No specific agglutinogens could be demonstiated 
Serum was not necessaiy for the sickling of the erythrocytes, and the 
tendency remained in the cell, no matter how long it was preserved, 
piovided the cell itself remained intact 

Diggs, Pulliam and King-^^ studied 39 cases of sickle cell anemia 
roentgenologically and were able to study the bones at necropsy in 8 
cases The primary involvement was m the marrow The factor of 
hyperplasia of the marrow as well as osteoporosis was present Sclerosis 
was most marked in the long bones (see also the leference to Calfey in 
the section on erythroblastic anemia) 

The cardiac complications were emphasized in the case leported by 
King and Janeway Johnson and Townsend summarized then 
expel lences in 30 cases, and Dale reported additional data. 

Lewis’ patient was pregnant and had a history of three abortions 
at four to seven months The author suggested sickle cell anemia as an 
etiologic agent in habitual abortion However, the patient leported on 
by Sodeman and Burch had an uneventful delivery of an infant which 
subsequently showed sicklemia 

230 Robinson, H A Sickle Cell Anemia, Bone Marrow Studies, J Michigan 
M Soc 36 964, 1937 

231 Cardozo, W W Immunologic Studies of Sickle Cell Anemia, Arch 
Int Med 60 623 (Oct) 1937 

232 Diggs, L W , Pulliam, H N , and King, J C Bone Changes in Sickle 
Cell Anemia, South M J 30 249, 1937 

233 King, J T, Jr, and Janeway, C A Sickle Cell Anemia with Cardiac 
Complications, Internat Clin 3 41, 1937 

234 Johnson, F B , and Townsend, E W Sickle Cell Anemia Report of 
Thirty Cases, South Med & Surg 99 377, 1937 

235 Dale, G C Sickle Cell Anemia, South Med & Surg 99 14, 1937 

236 Lewis, A W , Jr Sickle Cell Anemia with Pregnancy, Am J Obst & 
Gjnec 33 667, 1937 

237 Sodeman, W A, and Burch, G E Pregnancy in Active Sickle Cell 
Anemia, New Orleans M & S J 90 156, 1937 
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Harden"®® pointed out the “hau -on-end” appearance in roentgen- 
ograms of the skulls of patients with long-standing sickle cell anemia 
There was marked tortuosity of the letinal blood vessels m his patient, 
a 9 year old Negro The superficial temporal vessels were also 
extremely tortuous and thickened 

Haden and Evans reported the occurrence of sickle cell anemia 
in 2 patients of Sicilian ancestry, m whom no known Negro admixture 
existed There was definite symptomatic improvement after sple- 
nectomy, although mild hemolytic anemia persisted The authors said 
they considered that splenectomy has some value m this disease 

Hansen-Pruss found that by supravital staining with brilliant cresyl 
blue or janus green the maximum sickling phenomenon of susceptible 
red blood cells could be elicited in from four to five hours instead of 
twenty or more hours by the method of unstained moist preparation 
With this technic, 14 pei cent of an unselected group of 100 Negroes 
showed the trait, as contrasted with the repoited average of 6 per cent 
with the older methods 

INFECTIOUS MONONUCLEOSIS 

The etiology of infectious mononucleosis is unknown Various 
organisms have been isolated and described as the causative factor, but 
none of the work has been confirmed Nyfeldt recently studied the 
etiology of this disease and found that the group of Listerellae were 
pathogenic for both men and animals 

The clinical features of the disease and the various procedures neces- 
sary for the establishment of the diagnosis have been summarized by 
Durupt Recognition of the condition is most important because of its 
resemblance to the hemocytoblastomas, which have a fatal prognosis 
Israels pointed out the similarity of infectious mononucleosis and 
monocytic leukemia but stated that the differences m the blood picture 
and the sheep cell agglutination reaction should aid in the differential 

238 Harden, A S , Jr Sickle Cell Anemia Changes in Vessels and in 
Bones, Am J Dis Child 54 1045 (Nov ) 1937 

239 Haden, R L , and Evans, F D Sickle Cell Anemia in the White Race 
Improvement in Two Cases Following Splenectomy, Arch Int Med 60 133 
(July) 1937 

240 Hansen-Pruss, O C Experimental Studies of Sickling of Red Blood 
Cells, J Lab & Clin Med 22 311, 1936 

241 Nyfeldt, A Studies on the Etiology of Infectious Mononucleosis, Hygiea 
99 433, 1937 

242 Durupt, A Le diagnostic serologique des mononucleoses infectieuses, 
Presse med 45 1219, 1937 

243 Israels, M C G Infectious Mononucleosis (Glandular Fever) and 
Monocytic Leukemia, Brit M J 1 601, 1937 
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diagnosis Ustvedt stressed the difficulties encountered in differen- 
tiating infectious mononucleosis from acute myeloblastic leukemia He 
suggested the use of sternal puncture as a means of establishing the 
diagnosis 

Since Paul and Bunnell devised an agglutination test which appears 
to be practically specific for infectious mononucleosis, many investigatoi s 
have substantiated their work A careful seiologic study of 30 cases of 
infectious mononucleosis was made by Davidsohn-^® His study was 
based on a modified technic which he devised In his opinion the dif- 
ferential test IS most important for (1) confirmation of the diagnosis 
of infectious mononucleosis m cases m which there is a definite clinical 
and hematologic picture, (2) exclusion of cases m which the condition 
simulates infectious mononucleosis, with similar blood findings, (3) 
establishment of the diagnosis in cases in which the blood pictures is 
atypical, and (4) aid m the recognition of cases of late infectious 
mononucleosis and cases in which the condition is complicated by injec- 
tions of serum 

AGRANULOCYTOSIS 

Since the original description of agranulocytic angina by Schultz, in 
1922, the disease has been firmly established as a clinical entity Multiple 
etiologic factors have been recognized, but the mechanism involved in 
the production of the syndrome is still obscure Schattenberg stated 
that the leukopoietic disorder may result from endocrine disturbances, 
radiation, infection, allergy or the toxic effect of drugs To this list may 
be added protein shock 

The drug most commonly indicted as a cause of agianulocytosis is 
aminopyrme Davis and Frissell gave aminopynne daily to 32 
patients for varying periods up to three months without demonstrating 
any alteration in the white blood cell count They also observed patients 
who had used the drug for more than four years without dangerous 
clinical symptoms Of 50 patients who received cutaneous tests with 
aminopyrme, only 1, who was sensitive to the drug, reacted positively 
Davis and Frissell also reported 20 cases of agranulocytosis, 9 in patients 
who were known to have taken aminopyrme and 1 after the ingestion 
of antipynne methylammomethane sodium sulfonate 

244 Ustvedt, H J Infectious Mononucleosis, Norsk mag f lasgevidensk 
98 139, 1937 

245 Davidsohn, I Serologic Diagnosis of Infectious Mononucleosis, JAMA 
108 289 (Jan 23) 1937 

246 Schattenberg, H J Present Day Conception of Agranulocytic Angina, 
New Orleans M & S J 90 78, 1937 

247 Davis, J S , and Frissell, L F Amidopyrine Hypersensitivity, J Lab & 
Clin Med 23 107, 1937 
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Magee cited 3 cases of agi anulocytosis The use of aminopyiine 
was definitely established m 2 Shapiro and his associates observed a 
man in whom agranulocytosis developed after he had taken cmchophen, 
0 5 Gm three times daily for about three weeks They pointed out that 
cmchophen (phenylqumohne carboxylic acid) under certain conditions 
may yield benzene or mtrophenol, either of which can cause a paralyzing 
effect on the bone marrow A fatal case of agranulocytosis due to intra- 
muscular injections of a bismuth preparation was reported by Dowds, 
who specifically stated that aminopyiine was not a contributing factor 
Embleton reported a case of rhj'thmic neutropenia in a middle-aged 
woman The cause was not determined Agi anulocytosis associated 
with purpura and tuberculous laiyngitis was noted by Taylor The 
neutropenia followed the administration of a golcf compound Das Gupta 
and Witts observed a case of agranulocytosis with a characteristic 
bone marrow picture aftei the administration of gold The possibility 
of ammopyrme intoxication was considered, but no changes in the 
peripheral blood were observed with test doses Agranulocytosis due to 
sulfanilamide poisoning was leported by Young and by Jennings and 
Southwell-Sander 

Several theories have been advanced m an attempt to explain the 
mechanism of agranulocytosis Fitz-Hugh stated that the theory of 
“maturation ariest” cannot account for the sudden disappearance of 
granulocytes fiom the peripheral blood A more likely explanation, he 
concluded, of the “shock mechanism” of this phenomenon is the adhe- 
sion of the leukocytes to the capillary endothelium Holten offered 
the hypothesis that the bone marrow reaction is an Aithus phenomenon 

248 Magee, C G Agranulocytosis, Practitioner 139 185, 1937 

249 Shapiro, S , and Lehman, L A Case of Agranuloc 3 'tosis Following 
Ingestion of Cmchophen, Am J M Sc 192 705, 1936 

250 Dowds, J H Agranulocytic Angina Following Bismuth Injections in 
a Case of Syphilis, Brit M J 2 620, 1937 

251 Embleton, D Rhythmical Neutropenia with Recurrent Buccal Ulcera- 
tion, Proc Roy Soc Med 30 980, 1937 

252 Taylor, A B Agranulocytic Angina, Purpura and Tuberculous Laryn- 
gitis Complicating Pulmonary Tuberculosis, with Recovery, Lancet 2 73, 1937 

253 Das Gupta, C R , and Witts, L J Chronic Agranulocytosis Success- 
fullj' Treated with Liver, Bnt M J 1 1197, 1937 

254 Young, C J Agranulocytosis and Para- Ammo-Benzene Sulphonamide, 
Bnt M J 2 105, 1937 

255 Jennings, G H, and Southwell-Sander, G Anemia and Agranulocytosis 
During Sulfanilamide Therapy, Lancet 2 898, 1937 

256 Fitz-Hugh, T , Jr Etiology and Pathology of Agranulocytic Angina 
Present Day Findings and Hypotheses, Am J Clin Path 7 524, 1937 

257 Holten, C Considerations and Experiments on Hypersensitive Nature of 
Amidopyrine Agranulocytosis, Am J M Sc 194 229, 1937 
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localized to the leukopoietic part of the marrow He failed to demon- 
strate passive tiansfer of aminopyrine sensitivity, nor was he able to 
show cutaneous sensitivity m a patient who was hypei sensitive to the 
drug when administered orally Golden and Silverglade attempted 
to produce agranulocytosis in guinea pigs by sensitizing them with a 
benzene compound but were unable to demonstrate any changes in the 
leukocyte count 

Davis and FrisselH^'^ summarized the literature legaiding ammop}- 
rme hypersensitivity and found discussions of three theories to explain 
the role of aminopyrine intoxication in the production of granulocytope- 
nia 1 All drugs with the benzene nucleus, or the benzene nucleus in 
association with an ammo group, aie per se toxic, presumably to the 
bone marrow 2 Aminopyrine is semispecific for the bone marrow and 
produces a direct intoxication of the leukopoietic tissue 3 The hemo- 
poietic changes are the result of an allergic reaction In addition to the 
various theories suggested, none of which is adequate m all instances, 
It should be emphasized that fatigue, infection, age and menstruation 
play an important part in the production of the disease 

The pathologic changes occurring m agranulocytosis are distinct 
The bone marrow shows a maturation arrest at the myeloblast-myelocyte 
stage,-®® few, if any, of the myeloid cells migrate into the peripheial 
blood Ulcerations of the mucous membranes are characterized by tis- 
sue necrosis without a neutrophil inflammatory reaction and are subject 
to secondary invasion by bacteria Recovery is initiated by leukopoietic 
hyperplasia of the marrow, a myelocyte crisis in the peripheral blood, 
monocytosis, the normal production of polymorphonuclear leukocytes 
and elimination of the infection in the tissues 

In the treatment of agranulocytosis, drugs which may play a part in 
the etiology of the disease should, of course, be withdrawn Repeated 
small transfusions are frequently indicated Intramuscular injections 
of pentnucleotide solution or of liver extract are often valuable Mai berg 
and Wiles stressed the efficacy of yellow bone marrow 

BLOOD CHANGES FROM SULFANILAMIDE AND RELATED COMPOUNDS 

With the increasing use of sulfanilamide and related compounds in 
certain bacterial infections, many reports on changes in the blood have 
appeared Harvey and Janeway described 3 cases of a rapidly devel- 

258 Golden, A, and Silverglade, A Sensitization of Guinea Pigs to Cyclic 
Compounds and Effect on the Hematopoietic System, Proc Soc Exper Biol &. 
Med 37 400, 1937 

259 Beckman, H Pharmacological Analysis of Agranulocytosis, Tr Am 
Therap Soc 36 41, 1936 Schattenberg ^46 Fitz-Hugh 

260 Marberg, C M, and Wiles, H O Yellow Bone Marrow Extracts in 
Granulocytopenia Preliminary Report, JAMA 109 1965 (Dec 11) 1937 
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oping hemolytic anemia characterized by leukocytosis and immature red 
and white blood cells m the peripheral circulation Recovery followed 
cessation of the administration of the drug and the giving of blood trans- 
fusions A striking resemblance to the hemolytic crisis produced by the 
use of phenylhydrazme was noted The reaction is an individual re- 
sponse to the drug Later 8 more cases of this type were noted (Bohl- 
man^®^), hemoglobinuria being noted in 1 case 

Long and Bliss ^®- noted 7 cases in which hemolytic anemia devel- 
oped, characterized by a sudden fall m the hemoglobin value and red 
blood cell count and the appearance of macrocytosis, anisocytosis, poikil- 
ocytosis, leukocytosis, normoblastosis and reticulocytosis Of the 7 
patients, 6 were jaundiced, and all showed urobihnuna All the patients 
recovered, 5 of them after one or more blood transfusions In another 
patient neutropenia developed, but test doses did not elicit a similar 
response after recovery, showing a difference from aminopyrine sensi- 
tivity in this respect One of Carey’s '®® 38 patients showed a fall in 
the red blood cell count from 5,000,000 to 2,000,000 per cubic millimeter 
during ten days (52 Gm of sulfanilamide) In McQuarrie’s '®^ case 
hemolytic anemia developed after four days of therapy, and transfusions 
were ineffective m saving the patient’s life In these cases there 
appeared to be no close correlation between the dosage of the drug and 
the development of anemia Kohn’s patient, a 1 year old child, 
showed hemoglobinuria, leukocytosis and immature red and white blood 
cells Recovery was rapid Common features in sulfanilamide anemia 
were fever and evidence of intense illness 

Numerous reports of extreme neutropenia following sulfanilamide 
therapy, frequently fatal, have appeared (Bernstein,-®® Borst,-®® Jen- 
nings and Southwell- Sander , Massed , “®" McIntosh, Wilcox and 

261 Bohlman, H R The Use of Sulphamlamide, Dis of Chest 3 24, 1937 

262 Long, P H , and Bliss, E A The Clinical Use of Sulphamlamide and 
Its Derivatives in the Treatment of Infectious Diseases, Ann Int Aled 11 575, 
1937 

263 Carey, B W, Jr The Use of Para-Aminobenzenesulphonamide and Its 
Derivatives in the Treatment of Infections Due to the Beta Streptococcus Hemoly- 
ticus, the Meningococcus and the Gonococcus Report of Thirty-Eight Cases, J 
Pediat 11 202, 1937 

264 McQuarne, I Report on Cases Treated with Sulphamlamide (Prontosil 
and Prontylin), J Pediat 11 188, 1937 

265 Bernstein, S S Report on the Use of Sulphamlamide at the Children’s 
Hospital of Michigan, J Pediat 11 198, 1937 

266 Borst, J G G Death from Agranulocytosis After Treatment with 
Prontosil Flavum, Lancet 1 1519, 1937 
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New England J Med 216 487, 1937 
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Wright, McQuarne,-®^ Mitchell and Trachsler , Model, 
Plumer , Trumper,^'^ and Young 

In some patients cyanosis has developed, with methemoglobinemia 
and sulfhemoglobmemia (Archer and Discombe,-^^ Bensley and Ross,-'* 
Daniels,^'^“ Discombe,^"® Frost/” Kane,^^® Paton and Eaton and 
Stoness ^®° These substances have been demonstrated in the blood of 
patients Marshall and Walzl ^®*- suggested that the dark color may be 
due to a product of the drug itself 

Hodgkin’s disease and lymphosarcoma 

Medlar, Hornbaker and Ordway ^®2 presented additional data sup- 
porting the theory of Hodgkin’s disease as a neoplasm of megakaryo- 
cytes In the blood of patients with Hodgkin’s disease many monocytes 
are atypical, and it is possible that these are really young megakaryo- 
cytes 

268 McIntosh, R , Wilcox, D A , and Wright, F H Results of Sulphanil- 
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Jackson proposed a classification foi Hodgkin’s disease and allied 
disorders The classification, on a C 3 d:ologic basis, is as follows (1) 
lymphocytoma, lymphosarcoma, lymphatic leukemia, diffuse intra- 
glandular hypertrophy of lymphoid tissue, (2) reticulum cell sarcoma, 
early Hodgkin’s disease, Hodgkin’s disease and Hodgkin’s saicoma 
The members of this group are considered as varying manifestations 
of the same neoplastic tendency The maximum duration of Hodgkin’s 
sarcoma is rarely more than three years , that of Hodgkin’s disease, ten 
years , that of lymphosarcoma, rarely three years and never ten years , 
that of reticulum cell sarcoma, rarely ten years, but with appropriate 
treatment, ten to fifteen years 

In the report of the Metiopohtan Life Insurance Company foi 
the years 1921 to 1935, it is stated that 1,877 persons died of Hodgkin’s 
disease, an incidence of 09 pei cent There were 950 white males, 
104 Negroes, 732 white females and 91 Negi esses The death rate 
per hundred thousand was 0 8 

Bacaloglu and Enachesco studied the problem of abdominal 
Hodgkin’s disease Undulating fever lasting about a week, with gas- 
ti ointestinal symptoms, diarrhea alternating with constipation, anemia, 
splenomegaly, leukopenia with relative neuti ophilia, eosmopenia and 
variable monocytosis characterize the disease 

Roentgen therapy is advocated Leukopenia marked Boyer’s case, 
the leukocyte count fluctuating between 900 and 4,200 pei cubic milli- 
meter A Pel-Ebstein type of fever was present Peripheral lymph- 
adenopathy was negligible Typical abdominal Hodgkin’s disease was 
evident at autopsy Cutaneous ulcers, lesulting from breakdown of 
nodules oi of the skin over Hodgkin’s growths, were studied by Senear 
and Caro The ulcers may be mistaken for those of syphilis, sarcoma, 
mycosis, fungoides, epithelioma and tuberculosis Pam is variable and 
occasionally is severe Usually the lesions are punched out, with ele- 
vated margins The ulcers are deep, and the underlying tissue may be 
involved extensively, the necrotic tissue may give rise to a fetid odor 

Jackson concluded that roentgen therapy does not, on the average, 
prolong life in Hodgkin’s disease, but persistent tieatment, especially 

283 Jackson, H , Jr Classification and Prognosis of Hodgkin’s Disease and 
Allied Disorders, Surg , Gynec & Obst 64 465, 1937 
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285 Boyer, S , Jr Hodgkin’s Disease with Leukopenia, JAMA 108 876 
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286 Senear, F E , and Caro, M R Ulcerahve Hodgkin’s Disease of Skin, 
Arch Dermat & Syph 35 114 (Jan ) 1937 
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Disease and Allied Disorders, M Clin North America 21 361, 1937 
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when combined with blood tiansfusions and the use of viosteiol in 
large amounts, can produce lasting benefits even m extreme cases When 
Hodgkin’s disease or reticulum cell sarcoma is localized in an eail} 
stage, radical measures offer hope for a permanent cure 

Frimann-Dahl gave an average of three yeais as the life expec- 
tancy for a patient with malignant lymphogranulomatosis He found 
that roentgen treatment prolongs the life of the patient, the effects being 
more marked the earlier in the disease the treatment is given With 
recurrence, irradiation becomes less effective 

Baensch advised small initial doses (150 loentgens) in the tieat- 
ment of lymphogranuloma After this, heliotherapy is advised During 
the second stage of treatment, 300 roentgens is given ovei* each field 
The fever and glandular enlargements decrease four to six days aftei 
irradiation Radium tieatment is effective only when the lesions are 
superficial 

In the 20 year old patient of Loeper, Lemaire and Varay,"”® tuber- 
culosis flared up when the lymphogranuloma was irradiated 

Ducumg, Marques and Miletzky found that “total roentgen 
therapy” was not without danger (effect on the blood) In Porta’s 
case severe herpes developed aftei roentgen therapy 

Hodgkin’s disease at some time in its course may be fairly localized , 
numerous case reports present this aspect Gordon described a case 
in which the ocular symptoms were marked In Lebowich’s case the 
bladder was involved Cavazzam noted gross invasion of the 
pharynx, nasal fossae and paranasal sinuses Cutaneous lesions were 
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noted in the cases reported by Cottini/”® Nanta and Gadrat,-®’' Cerutti 
and Resl In Cabot case 23331 there was generalized involvement 

Abdominal Hodgkin’s disease often presents difficulties m diagnosis 
Cases were described by Caselb,®®’- Carnot and Lafitte,®“® Goldfarb 
(gastro-mtestmal tract), Atakam (ileocecal region), lacobovici and 
Stoia (stomach) and Lmcke (small intestine) Redish noted 

Hodgkin’s disease of the stomach, penpancreatic lymph nodes, spleen 
and anterior wall of the chest m a man aged 54 years The symptoms 
consisted of a progressively enlarging mass on the anterior thoracic 
wall and gaseous eructations for eight months The blood was not 
abnormal Death followed an acute massive gastric hemorrhage 
Redish’s case is the twenty-third of this type recorded m which the 
diagnosis was confirmed at autopsy 

The various localizations, with consequent protean symptoms of 
Hodgkin’s disease, have been well illustrated by Middleton Among 
his patients, from 6 to 84 years of age, outstanding symptoms m indi- 
vidual cases were pruritis, ulceration of a lesion with a draining sinus, 
involvement of the breast, neuritis, herpes zoster, osseous involvement, 
splenomegaly, hepatopathy, retroperitoneal lymphadenopathy, medias- 
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granuloma maligno vaneta inguinale, Arch ital di demat , sif 13 644, 1937 

297 Nanta, A , and Gadrat, J Sur un granulome eosinophilique cutane. 
Bull Soc franq de dermat et syph (Reunion dermat , Strasbourg) 44 1470, 1937 

298 Cerutti, P Les manifestations cutanees dans la granulomatose maligne 
de Paltauf-Sternberg, Bull Soc franq de dermat et syph (Reunion dermat , 
Strasbourg) 44 1454, 1937 

299 Resl, V Difficult Diagnosis in a Case of Lymphogranulomatosis Cutis, 
Ceska dermat 17 128, 1937 

300 Generalized Lymphoblastoma, Hodgkin’s Type, Cabot Case 23331, New 
England J Med 217 322, 1937 

301 Caselli, E G Lmfogranulomatosis a localizacion abdominal en la 
infancia, Rev Asoc med argent 50 302, 1937 

302 Carnot, P, and Lafitte, A La forme hepato-splenique de la maladie de 
Hodgkin, Pans med 1 447, 1937 

303 Goldfarb, S J Hodgkin’s Disease of Gastro-Intestinal Tract, J Mt 
Sinai Hosp 4 298, 1937 

304 Atakam, A M Lymphogranulomatosis of the Ileocecal Region, 
Anadolu khn 5 25, 1937 

305 lacobovici, I , and Stoia, I Considerations sur un cas de lymphogranulo- 
matose maligne primitive de I’estomac, Bull Assoc frang p I’etude du cancer 
26 348, 1937 

306 Lmcke, J Ueber isolierte Lymphogranulomatose des Dunndarmes, Zen- 
tralbl f allg Path u path Anat 68 85, 1937 

307 Redish, J Hodgkin’s Disease of the Stomach with Fatal Gastric Hemor- 
rhage, Arch Path 23 844 (June) 1937 

308 Middleton, W S Some Clinical Capnces of Hodgkin’s Disease, Ann 
Int Med 11 448, 1937 



BETHELL ET AL — BLOOD 


985 


tmal lymphadenopatliy, involvement of the lung and pleura, constitu- 
tional manifestations (general weakness, symptoms of focal infection, 
tuberculosis, undulant fever and alternating pyrexia), anemia, pol}- 
morphonuclear leukocytosis, leukopenia and concurrent tuberculosis 

Diagnosis by means of lymph node puncture was used by Estrada , 
Vendeuvre, Ingelrans and Nigoul,®^® and Weil Barasciutti found 
sternal puncture of slight value Wurm and van Rooyen studied 
the Gordon test clinically but did not note absolute specificity Turner 
and Jackson found that eosinophils of normal persons produced a 
positive reaction to the Gordon test in animals and that the test showed 
a positive reaction m Hodgkin’s disease in proportion to the number 
of eosinophils present The authors suggested that the agent which 
produces paralysis is derived from the eosinophils 

Stalker, Schlotthauer and Feldman noted a lesion in a dog which 
showed the gross and microscopic characteristics of Hodgkin’s disease 
This IS apparently rare in animals 

Lutzow-Holm and Mannucci speculated on the relation of 
Hodgkin’s disease and tuberculosis The former found no connection 
between the two Muller was able to trace the origin, or at least the 
discovery of the disease, to trauma 

Lymphosarcoma may also give symptoms because of localization 
or predominance of the growth in one region In the case reported 

309 Estrada, A La citopuntura ganglionare nella Iinfogranulomatosi 
maligna del punto di vista diagnostico, Haematologica 18 499, 1937 

310 Vendeuvre, A , Ingelrans, P, and Nigoul A propos du diagnostic de la 
maladie de Hodgkin par la ponction ganglionaire. Echo med du Nord 8 358, 1937 

311 Weil, P E Diagnosis of Hodgkin’s Disease by Puncture of Lymph 
Nodes, Nord med tidskr 14 1262, 1937 

312 Barasciutti, A Sulla scarsa utilita della sternopunctura come mezzo 
diagnostico nel granuloma maligno, Diag e tec di lab 8 481, 1937 

313 Wurm, K Ueber den Gordon-Test bei Lymphogranulomatose und seine 
praktische Bedeutung, Deutsches Arch f klm Med 181 90, 1937 

314 van Rooyen, C E Interpretation and Significance of Gordon’s Test in 
Diagnosis of Hodgkin’s Disease A Study of One Hundred Cases, Edinburgh 
M J 44 455, 1937 

315 Turner, J C , and Jackson, H , Jr The Etiological Relationship of the 
Eosmophile to the Gordon Test for Hodgkin’s Disease, J Clin Investigation 
16 657, 1937 

316 Stalker, L K , Schlotthauer, C F, and Feldman, W H Probable 
Hodgkin’s Disease in a Dog Report of a Case, Am J Cancer 28 595, 1936 

317 Lutzow-Holm, G Investigations on the Etiology of Lymphogranulo- 
matosis, Especially the Relation Between Lymphogranulomatosis and Tuberculosis, 
Norsk mag f Isegevidensk 98.695, 1937 

318 Mannucci, P Granuloma maligno e tuberculosi, Bollettino 11*235, 1937 

319 Muller, K Lymphogranulomatose und Trauma, Med Welt 11 852, 1937 
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by Cruchet and Dupin theie was abdominal involvement, with jaun- 
dice, m Venable’s case the condition was primary in the stomach, 
gastrointestinal perforation of the neoplasm marked Davis’ case , 
Leveuf and Godard noted involvement of the small intestine in a 
child, m Cabot case 23111 the ileum was involved, m the case 
reported by Brodin, Lardennois and Tedesco the jejunum was 
involved , m the 4 cases reported by Collins and Carmody there was 
gastric involvement, and in the case leported by Keys and Walther 
the condition simulated duodenal ulcer Zaph, Ohn and ICirshbaum 
have reviewed the clinical and roentgenologic aspects of lymphosarcoma 
of the stomach 

Reifenstein described 2 patients, a man of 42 and a woman of 
53 years, in whom looseness of the stools was a feature Lymphosar- 
coma was demonstrated in both cases at autopsy There was roentgen 
evidence of abnormality in the first case but not in the second In the 
man the mam involvement was in the stomach, but in the woman the 
duodenum, jejunum and ileum were involved In a case described by 
Golub,®®” massive lymphosarcoma of the stomach with ulceration was 
demonstrated at autopsy The symptoms in this case (a man aged 
45 years) were those of the symptom complex of duodenal ulcer with 
negligible loss of weight and indefinite roentgenologic signs 

320 Cruchet, R, and Dupm Lymphosarcomatose abdominale avec ictere, 
J de med de Bordeaux 114 168, 1937 

321 Venable, D R Primary Lymphosarcoma of Stomach, with Report of a 
Case, Texas State J Med 33 327, 1937 

322 Davis, E Lymphosarcoma with Perforation of Gastric and Intestinal 
New Growth, Brit M J 2 64, 1937 

323 Leveuf, J , and Godard, H Les sarcomes cavitaires de I’lntestin grele 
chez I’enfant, Ann d’anat path 18 1067, 1936 

324 Lymphosarcoma of the Ileum, Cabot Case 23111, New England J !Med 
216 471, 1937 

325 Brodin, P , Lardennois, G, and Tedesco, B Lymphosarcome du jejunum. 
Arch d mal de I’app digestif 27 447, 1937 

326 Collins, E M, and Carmody, M G Lymphosarcoma of Stomach 
Study of Four Cases, Am J Digest Dis & Nutrition 3 884, 1937 

327 Keys, S , and Walther, W W Lymphosarcoma Simulating Duodenal 
Ulcer, Lancet 1 1169, 1937 

328 Zaph, S D , Ohn, H A, and Kirshbaum, J D Lymphosarcoma of 
Stomach Clinical and Roentgenological Aspects, Review of Recent Literature 
Report of a Case, Am J Surg 36 476, 1937 

329 Reifenstein, E C Lymphosarcoma of the Gastrointestinal Tract, Rev 
Gastroenterol 4 82, 1937 

330 Golub, M Lymphosarcoma of the Stomach with Pain-Food-Ease Rhythm 
of Three Months Duration, Rev Gastroenterol 4 228, 1937 
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Hirsch described a primary lymphosarcoma of the liver in a man 
aged 32 years The clinical symptoms were severe secondary anemia 
and slight jaundice The leukocyte count ranged from 6,900 to 9,850 
per cubic millimeter, with 51 to 61 per cent lymphocytes The lympho- 
sarcoma cells infiltrated the walls of laige and small branches of the 
portal vein, with mural thrombi and emboli Extensive metastases to 
the bone marrow replaced the normal hemopoietic tissue (myelophthisic 
anemia) The only other report of a similar case which Hirsch found 
in the literature was that by Carl Sternberg in 1934 

The genital tract was the seat of involvement in several cases, as 
follows the ovary (Durfee, Clark and Peers the vulva and clitoris 
(Taussig®^®) and the ovary and uteius (Fornero In Squiies’^^^ 

case the cutaneous manifestation was the outstanding featuie, in Jud- 
son’s case the breast was chiefly involved, m Metivier’s case the 
eyelid and in Cabot case 23091 the retroperitoneal lymph nodes 

LEUKEMIA 

ClassificaHon, Incidence — Forkner^^® presented a classification of 
leukemia (leukosis oi leukocythemia) which included the following 
groups neutrophilocytic leukemia, eosmophilocytic leukemia, basophilo- 
cytic leukemia, chloroleukemia, erythroleukemia, megakaryocytic leu- 
kemia, lymphocytic leukemia, leukosarcoma, stem cell leukemia, plasma 
cell leukemia and monocytic leukemia 

In the report of the Metropolitan Life Insurance Company for the 
period from 1921 to 1935, it was stated that there were 4,333 deaths 
from leukemia, 0 21 per cent of the total number of deaths, constituting 
1 8 per hundred thousand The rate for white men (per hundred thou- 
sand deaths) was 2, for white women, 1 7 , for Negroes, 1 3, and for 
Negresses, 1 1 

331 Hirsch, E F Priinar}^ Lj'^mphosarcoma of the Liver with Metastases to 
the Marrow and Secondary Anemia, Arch Path 23 674 (May) 1937 

332 Durfee, H A , Clark, B F , and Peers, J H Primary Lymphosarcoma 
of the Ovary Report of a Case, Am J Cancer 30 567, 1937 

333 Taussig, F J Sarcoma of Vulva, Am J Obst & Gynec 33 1017, 1937 

334 Fornero, A Su di una hnfosarcomatosi gemto-intestinale, a svilluppo 
simultaneo (ovaie-utero-intestino). Arch ital di anat e istol pat 7 419, 1936 

335 Squires, J B Case of Lymphosarcoma Cutis, J Med 18 194, 1937 

336 Judson, H A Simultaneous Lymphosarcomatosis and Carcinoma of the 
Breast in the Same Individual Case Report, Radiology 29 578, 1937 

337 Metivier, "V AI L 3 TOphosarcoma of the Ej^elid, Brit J Ophth 21 202, 
1937 

338 Retroperitoneal Lymphosarcoma, Cabot Case 23091, New England J Ivied 
216 389, 1937 

339 Forkner, C E Classification and Terminologj' of Leukemia and Allied 
Disorders, Arch Int Med 60 582 (Oct ) 1937 



988 


ARCHIVES OF INTERNAL MEDICINE 


Saxl observed leukemia in 5 nurslings One patient showed signs 
of anemia and subleukemia practically from birth , others were 6 weeks, 
4j^ months and 8 months old (showing chloroma, “leukemic myelo- 
cytoma or lymphocytoma”) Two had syphilitic mothers One of these 
infants, as well as a boy aged 10, died of ileus caused by the leukemic 
infiltration Temporary improvement of symptoms with roentgen treat- 
ment was obtained in 1 case 

EUologtc Factois — Weil and Bousser have analyzed 38 cases 
of leukemia and traumatism In some cases leukemia was first noted 
after the trauma In these cases, the past history was important in 
suggesting preexistence of the disease On the other hand, trauma 
may aggravate or accelerate the leukemic process, or the hemorrhagic 
tendency may be an important factor This must be kept in mind when 
surgical intervention is indicated It is not possible to demonstrate 
absolutely a causative relation between leukemia and trauma This is 
often a medicolegal problem It is important, of course, to Icnow the 
exact status of the patient before the accident, the chronologic relation, 
the duration of the interval before the leukemia develops and the 
character and the variety of the leukemia 

Sabrazes and Bideau reported the case of a machinist aged 20 
years who was exposed to oil for thiee years He had myelogenous 
leukemia, with splenomegaly and slight lymphadenopathy A causative 
relation between benzene-containing oils and the leukemia was suggested 
by the authors 

Acute fatal myeloblastic anemia was noted m a woman aged 55 
by Adelheim after malarial treatment of dementia paralytica While 
the author said he believed that the malaria caused the leukemia and 
the exacerbation of the splenomegaly, it is possible that the disease may 
have been present before the treatment was begun 

Familial aiid Heieditmy Aspects — From a study of the pedigrees 
of 33 patients, Ardashnikov concluded that leukemia is not con- 
tagious but that hereditary factois may play a part The type of inheri- 
tance, especially in lymphatic leukemia, is a conditionally dominant 
autosomal type, with phenotype variation due to other genes or environ- 

340 Saxl, O Zur Frage der Leukamie im Sauglmgsalter, Jahrb f Kinderh 
150 228, 1937 

341 Weil, P E , and Bousser, J Leucemie et traumatisme, Ann de med 
40 222, 1936 

342 Sabrazes, J , and Bideau, J , cited in Chronic Myelogenous Leukemia in 
Machinery Oilers, Foreign Letter (Pans), JAMA 109 1376 (Oct 23) 1937 

343 Adelheim, R Akute Myeloblastenleukamie nach Impfmalaria bei pro- 
gressiver Paralyse, Munchen med Wchnschr 84 889, 1937 

344 Ardashnikov, S N Genetics of Leuksemia in Man, J Hyg 37 286, 1937 
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mental factors A relation between myelogenous and l}mphatic leuke- 
mia IS postulated from the occurrence of these diseases in different 
members of a family 

Other aspects of the familial and hereditary features have been 
analyzed by MacDowelP^® m mice and by Morawitz and Wullen- 
weber Kellett noted acute leukemia m 1 of identical twins 

Symptomatology and Course — Olmer and Boudouresques con- 
cluded that the fever m leukemia arises either from infection or from 
metabolic disturbance They said that the changes in both acute and 
chronic leukemia are of degree and represent an expression of the same 
process 

Penati described a form of acute leukemia in which a complete 
remission develops, followed by recurrence within six to eight months 
The initial period is characterized by hyperchromic anemia, thrombo- 
penia, leukopenia, agranulocytosis and the presence of immature cells 

Levy, Grand and Klrakauer reported on a patient who presented 
the difficult problem of the coincidental occurrence of lymphatic leuke- 
mia and pertussis Persistent hyperleukocytosis m pertussis suggests 
follow-up studies for the possibility of leukemia 

The effect of infection (bronchopneumonia) was studied m 4 cases 
of leukemia by Dreyfuss The reaction depended on the degree of 
differentiation of the leukemic cells, with abscesses in 1 case containing 
polymorphonuclears, and proliferating cells of leukemia and histioc}1;es 
m the 3 others The meseiichyma of the lung is frequently involved, 
with growth around the vessels, bronchi, nodules and alveolai septums 
Histiocytic alveolitis may be present 

345 MacDowell, E C Genetics of Mouse Leukemia, Cancer Probl , Sym- 
posium, 1937, p 42, J Hered 28-131, 1937 

346 Morawitz, P Erblichkeit, Rassenhygiene und Bevolkerungspolitik 
Erbliche und konstitutionelle Faktoren bei einigen Blutkrankheiten, Munchen med 
Wchnschr 83.2073, 1936 

347 Wullenweber, G Ueber familiare Leukamie, Deutsche med Wchnschr 
63 488, 1937 

348 Kellett, C E Acute Myeloid Leukjemia in One of Identical Twins, Arch 
Dis Childhood 12 239, 1937 

349 Olmer, J, and Boudouresques, J La fievre dans la leucemie myelolde, 
les formes intermediares entre la leucemie myeloide et la leucemie aigue, Ann de 
med 41 265, 1937 

350 Penati, F Leucemie acute e subacute con prestadio amielico e remissione, 
Minerva med 1 627, 1937 

351 Levy, W , Grand, M J H , and Krakauer, S A Lymphatic Leucemia 
with Pertussis, J Pediat 10 781, 1937 

352 Dreyfuss, M Le reaziom infiammatorie dei leucemici in base alio studio 
della broncopolmonite in leucemia, Gior di elm med 18 965, 1937 
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Cases of leukemia during the course of pregnancy have been 
described by Brandstrup,®®® Pontoni,®®^ Mehta ®®® and Zanela ®®° Men- 
tion has been made of such special features as gastric involvement 
(Temlin®®^), mammary changes (Haram®®®), changes in the cardiac 
valves (Koberle®®®) and auricular involvement (Kindler®®®) and 
involvement of the cardiovascular system and brain (Tedeschi 

Connor repoited osseous changes in 2 cases of lymphatic leukemia 
in children In the first case (an aleukemic lymphatic type) there was 
involvement of all the bones of the arms, legs, many ribs, skull and 
pelvis In the second case the bones of the extremities showed the 
most abnormality The roentgenographic changes consisted of rarefy- 
ing processes in the medulla and cortex and lifting of the periosteum, 
with new bone formation of a fine lace-work type There was irregular 
mottling of the skull, pelvis, femuis, tibias and fibulas, with reduplication 
of the cortices A line of transparent tissue, evident between the true 
coitex and the newly formed bone, indicated mfiltiation of the soft 
tissue 

Osseous lesions were also desciibed by Lukowski and Gelman ®®® 
and by Munk and Nauta 

353 Brandstrup, E Leukaemia in Pregnancy, Acta obst et gynec Scandinav 
17 284, 1937 

354 Pontoni, L Reazione mieloide in corso di gravidanza, Minerva med 
1 415, 1937 

355 Mehta,' C Case of Acute L 3 'mphatic Leukemia in Pregnancy, J Obst & 
Gynaec Brit Emp 44 328, 1937 

356 Zanela, S Myelosis leucaemica und Chloromyelosis leucaemica in gravidi- 
tate Beitrag zur Frage der Leukamie und Schwangerschaft, Zentralbl f Gynak 
61 763, 1937 

357 Temlin, H Ueber Beteiligung des Magens bei leukamischen und aleu- 
kamischen Erkrankungen, Wien klin Wchnschr 50 1268, 1937 

358 Haram, B J Lymphatic Leukaemia with Bilateral Mammary Changes, 
Lancet 1 1277, 1937 

359 Koberle, F Ueber leukamische Infiltrate in den Herzklappen, Ztschr f 
Kreislaufforsch 29 785, 1937 

360 Kindler, W Ohrmuschelerkrankung und Leukamie, Ztschr f Hals-, 
Nasen- u Ohrenh 41 427, 1937 

361 Tedeschi, C Appunti per la istologia patologica delle leucemie. Boll d 
Soc med -chir di Modena 35 373, 1935 

362 Connor, C L Qinically Demonstrable Bone Changes in Leukemia, Am 
J Cancer 29 20, 1937 

363 Lukowski, L , and Gelman, G Case of Acute Lymphatic Leukemia with 
Paradoxical Blood Picture and Extensive Changes in Bones in Child Twelve 
Years Old, Polska gaz lek 16 724, 1937 

364 Munk, J, and Nauta, J H Acute Lymphatic Leukemia with Skeletal 
Changes, Maandschr v kmdergeneesk 6 407, 1937 
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Renal complications were noted by Prochazka and Vacek/*’" and 
prostatic symptoms were described by Jacobi, Panoff and Herzlich^°“ 

Leukemia or a leukemoid blood picture is occasionally noted in neo- 
plastic conditions such as carcinoma of the breast (Sala and Stem ='^‘) 
or of the larynx (Denoyer or with other forms of carcinoma (Pen- 
zold^«^) 

Tumor formation during the course of leukemia may be the out- 
standing feature and may lead to an erroneous diagnosis of medullai} 
carcinoma or of neoplasm of the breast, as in the cases described by 
Fleischhacker and Seyfned 

In von Bonsdorff’s case of atypical leukosis theie were multiple 
tumor-hke growths Held and Kieve described a patient with retro- 
bulbar and uterine leukemic masses The disease ran an aleukemic 
course, with 8,800 leukocytes per cubic millimeter, 19 per cent of which 
were monocytoid myeloblasts 

Involvement of the Central Neivous System — Changes in the central 
nervous system m leukemia were noted by Gordin to include hemor- 
rhages, leukemic changes m the blood vessels and infiltration with 
specific leukemic tissue A fourth condition, myelomalacia due to 
pressure from an epidural tumor, was noted in 1 of his cases Leukemic 
changes m the meninges, cranial nerves and spinal roots were present 
in some cases The simultaneous existence of leukemia and glioma 
was noted in 1 case 

Schemker®^^ noted leukemic infiltrations in the root bundles and 
spinal ganghons of a patient dying of lymphatic leukemia These 

365 Prochazka, F, and Vacek, V Case of Myelogenous Leukemia with 
Infiltration of Kidney, Casop lek cesk 76 1413, 1937 

366 Jacobi, M , Panoff, C E , and Herzhch, J Leukemic Infiltration of 
Prostate, J Urol 38 494, 1937 

367 Sala, A M , and Stem, R J Carcinoma of the Breast with a Condition 
of Blood Simulating Chronic Lymphatic Leukemia, Arch Path 23 531 (April) 
1937 

368 Denoyer, A Carcinoma laringeo in leucemico, Ann di lanng , otol 
36 185, 1936 

369 Penzold, H Leukamie und Carcinom, Deutsches Arch f klin Med 
180 430, 1937 

370 Fleischhacker, H , and Seyfned, H Ueber Leukamien nut tumorartigem 
Wachstum, Wien Arch f inn Med 30 177, 1937 

371 von Bonsdorff, B Em Fall von atypischer Leukose mit multiplen, 
tumorahnlichen Wucherungen, Folia haemat 56 426, 1937 

372 Held, E , and Kieve, P Leucemie myelolde aigue avec “tumeurs” retro- 
bulbaire et cervicale, Helvet med acta 4 371, 1937 

373 Gordin, R Changes in the Central Nervous System in Leukosis, Finska 
lak-sallsk. handl 79*889, 1936 

374 Schemker, I Zur Pathogenese des Herpes zoster bei Ij mphatischer 
Leukamie, Wien klin Wchnschr 50 1065, 1937 
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changes were suggested as a cause of the hemorrhagic herpes present 
during the course of the disease 

Reviewing the literature on neurologic changes in leukemia, Min- 
kenhof added another case of subacute lymphatic leukemia which 
simulated meningococcic sepsis with meningitis 

Cutaneous Manifestations in Leukemia — ^The cutaneous manifesta- 
tions of leukemia have received attention from numerous authors In 
addition to those cited, features of the cutaneous lesions have been 
described by Lapieie and Compere, Weil , Pautrier , Hitch and 
Smith , Gattwinkel , Kwiatkowski , Babonneix and Gissel- 
brecht,®®^ Schemker , Lutz,®®® Nekam,®®^ Florentm and Picard,®®® 
Gottron,®®® Nomland,®®^ Sirota and Kuznets,®®® and Brau ®®® 

375 Mmkenhof, J E Meningism in Leukemia and in Weil’s Disease, Nederl 
tijdschr V geneesk 81 4448, 1937 

376 Lapiere, S , and Compere Leucemie aigue a cellules indifferenciees, 
accompagnee de leucemides cutanees specifiques mais ephemeres, a type de roseole 
papuleuse, Bull Soc frang de dermat et syph (Reunion dermat, Strasbourg) 
44 1269, 1937 

377 Weil, P E Manifestations cutanees des leucemies et des granulomatoses. 
Bull Soc frang de dermat et syph (Reunion dermat , Strasbourg) 44 1209, 1937 

378 Pautner, L M Erythrodermie quasi generalisee, mais respectant des 
ilots de peau same, avec petites tumeurs a formule histologique de mycosis fungoide, 
et s’accompagnant de lesions sanguines du type leucemie lymphoide (leucocytose a 
120,000 et 85 per cent de lymphocytes). Bull Soc frang de dermat et syph 
(Reunion dermat , Strasbourg) 44 1307, 1937 

379 Hitch, J M , and Smith, D C Lymphatic Leukemia Report of a Case 
Apparently Limited to the Skin, Superficial Lymphatic Glands and Blood Stream, 
Arch Dermat & Syph 36 1 (July) 1937 

380 Gattwinkel Leukamie der Haut und Erythrodermie, Arch f Dermat u 
Syph 175 578, 1937 

381 Kwiatkowski, E L Sur un cas de lymphadenose cutanee “latente” accom- 
pagnee de lesions atrophiques et dyschromiques de la peau du membre superieur 
gauche, d’ongine spinale, probablement leucemique. Bull Soc frang de dermat et 
syph (Reunion dermat , Strasbourg) 44 1217, 1937 

382 Babonneix, L, and Gisselbrecht Sur un cas de leucemie lymphoide avec 
leucemides, Gaz d hop 110 816, 1937 

383 Lutz, W Erythrodermie exfoliante generalisee, pnmaire, idiopathique, 
evoluant ulterieurement en erythrodermie leucemique (la peau comme lieu d’origine 
de la leucemie), Bull Soc frang de dermat et syph (Reunion dermat, Stras- 
bourg) 44 1230, 1937 

384 Nekam, L Les manifestations cutanees de la leucemie myeloide. Bull Soc 
frang de dermat et syph (Reunion dermat, Strasbourg) 44 1236, 1937 

385 Florentm, G J , and Picard, D La forme hemorrhagique de la myelose 
aleucemique megacaryocytaire. Bull et mem Soc med d hop de Pans 53 1061, 
1937 

386 Gottron, H Zur Leukamie der Haut, Med Klin 33 373 and 404, 1937 
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Epstein and MacEachern found exfoliative erythroderma in 66 6 
per cent of the patients with Hodgkin’s disease with cutaneous manifes- 
tation With progress of the disease, the skin became hyperpigmented 
and inelastic In the group of cases of lymphoblastoma associated with 
leukemia the following types of cutaneous lesions were noted (c) 
specific lesions, {b) toxic manifestations (lymphoblastomids or leu- 
kemids) and {c) accidentally associated lesions Metastatic nodules 
of lymphosarcoma and shotty nodules of the face and upper extremities 
of myelogenous leukemia are characteristic 

Ferreira Marques described the case of a man aged 76 with 
chronic lymphatic leukemia who had herpes zoster involving the whole 
trunk In only 3 of 42 cases of leukemia with herpes zoster reported 
m the literature was there the myelogenous type The mEiximum inci- 
dence was found to be during the second and the third year of the 
disease and during the age decade between 50 and 60 The disease 
was most frequent in males Two cases of facial paralysis and 2 of 
paralysis of the extremities were noted Ferreira Marques said he 
felt that the leukemic herpes zoster is a virus manifestation 

In 3 cases of lymphomatosis with cutaneous manifestations, reported 
by Gate and Cuilleret,®®^ the leukemic nature was shown by blood 
examination, biopsy and clinically (lymphadenopathy, splenomegaly 
and hepatomegaly) 

The cutaneous lesions m monocytic leukemia were emphasized also 
by Sannicandro The infiltrations were of metastatic origin, with no 
evidence of the involvement of the local reticuloendothelial system The 
lesions include nodules, macular infiltration and cutaneous hemorrhages 
This patient, a man of 37, showed enlargement of the liver, spleen and 
peripheral lymph nodes 

Montgomery and Watkins described 5 cases of monocytic leuke- 
mia with cutaneous manifestations These varied from discrete necrotic 

387 Nomland, R Skin Changes in Leukemia, J Iowa M Soc 27 25, 1937 

388 Sirota, L S , and Kuznets, M Pour la clinique et I’histologie de la 
leucemie lymphatique, Ann de dennat et syph 7 1113, 1936 

389 Brau, J G Myeloid Leukemia Manifested by Skin Infiltration, Dallas M 
J 22 121, 1936 

390 Epstein, E, and MacEachern, K Dermatologic Manifestations of the 
Lymphoblastoma-Leukemia Group, Arch Int Med 60 867 (Nov ) 1937 

391 Marques, J F Herpes zoster generalisatus bei Leukamie, Arch f 
Dermat u Syph 176 295, 1937 

392 Gate, J, and Cuilleret, P A propos des manifestations cutanees des 
leucemies, J de med de Lyon 18 299, 1937 

393 Sannicandro, G Le manifestazioni cutanee della leucemia monocitica. 
Arch ital di dermat, sif 13 263, 1937 

394 Montgomery, H, and Watkins, C H Monocytic Leukemia Cutaneous 
Manifestations of the Naegeli and Schilling Types , Hemocytologic Differentiation, 
Arch Int Med 60 51 (July) 1937 
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nodules or purpuric lesions to generalized exfoliative dermatitis Two 
types of monocytic leukemia are differentiated — ^tlie Naegeli type (mye- 
logenous leukemia with a predominance of monocytes) and the Schilling 
type (leukemic reticuloendothehosis) In the latter type there is a 
distinctive histopathologic picture, evident also on direct examination 
of the skin The authors concluded that myelogenous leukemia may 
terminate in monocytic leukemia or that the lymphatic type may change 
to the monocytic type There may be acute, chronic and aleukemic 
forms of the Schilling type Temporary regression of the lesions may 
be produced with roentgen rays and local applications (pruritis or 
secondary infections), oi arsenic or fever therapy may be tried 

Leukemm and Tuberculosis — In the case reported by Ryan and 
Medlar,^®® advanced tuberculosis and lymphatic leukemia were present 
Although a high lymphocyte count is usually considered of advantage 
in tuberculosis, the authors concluded that leukemic l)nnphocytes are 
abnormal in function 

Lukes,®®® noting the occasional favorable influence of intercurrent 
infections on the course of chronic myelogenous leukemia, injected 0 1 
mg of Calmette vaccine intravenously There were a decrease in the 
leukocyte count and a fall m the number of primitive cells 

Mills and Townsend ®®^ reported 2 cases of acute generalized tuber- 
culosis, the blood resembling that of patients with acute myeloblastic 
leukemia At autopsy the tissues were not typical of those in leukemia, 
however, and it was suggested that the condition may have been due 
to the tuberculosis 

In sensitized tuberculous rabbits, Feldman and Stasney ®®® repro- 
duced the leukemoid blood picture sometimes noted in tuberculous 
patients, by the injection of tuberculin Leukocyte counts (granulo- 
cytes) of 9,000 to 48,000 rose to 42,000 to 124,000 per cubic milli- 
meter in from twenty-four to seventy-two houis There was maiked 
bone marrow activity (hyperplasia and increased mitosis), but the mono- 
cytes and lymphocytes did not take part in the reaction This leukemoid 
response was not elicited in nontuberculous rabbits 

395 Ryan, W J , and Medlar, E M Coexistence of Lymphocytic Leukaemia 
and Far-Advanced Pulmonary Tuberculosis Report of Case, Am Rev Tuberc 
36 212, 1937 

— J Myeloleucemie clironique et tuberculose, Casop lek cesk 

75 478, 1936 

397 Mills, E S , and Townsend, S R Leukaemoid Blood Picture in Tubercu- 
losis, Canad M A J 37 56, 1937 
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Differential Diagnosis — To differentiate acute leukemia in certain 
cases from infectious mononucleosis, Ustvedt noted that the charac- 
teristic myeloblastic tiansformation of the bone marrow is easily demon- 
strable on sternal puncture In infectious mononucleosis there are fewer 
cells, and they are of the more normal types 

While the anemia, acute symptoms and gross immaturity of the 
cells help to differentiate acute leukemia from infectious mononucleosis, 
Israels noted that the diagnosis m some cases is more difficult The 
pyrexia, splenomegaly and lymphadenopathy may be similar In 1 case 
of infectious mononucleosis, hemorrhage and anemia weie present 
While the total leukocyte count is not necessarily characteristic, the 
structure of the cells and the heteiophile antibody test are of value 

Abt summarized the conditions in childhood which may simulate 
leukemia Of those conditions m which leukocytosis is piesent, he 
listed pertussis, pneumonia, sepsis, von Jaksch’s pseudoleukemic anemia, 
Cooley’s Mediterranean erythroblastic anemia, infectious mononucleo- 
sis, mediastinal tumor and essential lipoid histiocytosis of Niemann and 
Pick Among the nonleukemic conditions are sepsis, agranulocytosis, 
Gaucher’s disease, nonlipoid splenohepatomegaly (Letterer-Siwe dis- 
ease) and malaria On the other hand, leukemia, with leukocytosis, may 
simulate mediastinal tumor, rheumatism, diairhea and parotitis In the 
aleukemic states the disease may simulate sepsis, appendicitis and aplastic 
anemia 

Leukemoid Blood Pictures — ^A leukemoid blood picture (21,000 
leukocytes, with 40 per cent myelocytes and metamyelocytes, noi mo- 
blasts) was noted m a woman with subchronic arthritis by Totterman 
No change, as would be expected in leukemia, appeared during two 
years of observation, and the material obtained on sternal puncture was 
interpreted as showing a nonleukemic state A similar leukemoid pic- 
ture was noted m a man with anemia due to Bothriocephalus after 
pneumonia The immature leukocytes disappeared from the peripheial 
blood after treatment of the anemia 

Two patients with fibrosis of the bone marrow, studied by Mettier 
and Rusk,^°^ showed a blood picture simulating that of leukemia The 
first patient showed a hemorrhagic tendency and leukopenia, with mod- 
erate splenomegaly, while the other had characteristic symptoms of 

399 Abt, A F Diagnosis o£ Leukemia in Childhood, M Chn North America 
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401 Mettier, S R, and Rusk, G Y Fibrosis of the Bone Marrow (Myelo- 
fibrosis) Associated with a Leukemoid Blood Picture Report of Two Cases, Am 
J Path 13 377, 1937 
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leukemia The medullary cavities of the bones showed increased fibrosis 
and a few spicules of bone, with partial obliteratiou of the hemopoietic 
tissue No erythrogenic tissue was found in the sinusoids of the liver 
or spleen The blood of 1 patient suggested the diagnosis of aleukemic 
myelosis with terminal leukocytosis (myelocytes, 54 per cent), whereas 
that of the second showed 68,500 leukocytes per cubic millimeter, with 
19 per cent myelocytes and 1 per cent blasts A few days before death 
occurred examination showed 62 per cent myeloblasts after much roent- 
gen therapy 

Types — A case of aleukemic plasma cell leukemia in a 66 year old 
woman was reported by Reiter and Freeman Symptoms included 
weakness, a tingling sensation in the fingers and difficulty m walking, 
simulating the symptoms of pernicious anemia Although no plasma 
cells were reported in the peripheral blood, the tissues, especially of 
the liver and spleen, showed extensive infiltration at autopsy No tumor 
was noted Both plasmoblasts and plasmocytes were present 

Ten male and 5 female patients with lymphosarcoma cell leukemia 
were described by Isaacs The lymphosarcoma cell, present in from 
4 to 98 per cent, is characterized by a large nucleolus, which in films 
stained with Wright’s stain and brilliant cresyl blue is surrounded by 
a deeply staining wall of chromatin The leukemic phase is ushered in 
with an exacerbation of symptoms and fever Leukocytosis (23,000 
to 156,000 cells per cubic millimeter) may be present, with progressive 
anemia and thrombopenia Relapses and remissions are noted The 
average duration of the leukemic phase is less than two months, although 
1 patient lived at least seven years Cooley and Hanske^®'^ described 
a case of acute lymphatic leukemia associated with lymphosarcoma 

Jordan described the blood and tissues of an 18 year old girl 
who died of acute hemoblastic leukemia The predominant cell resem- 
bled the small lymphocyte, which Jordan said represented a primitive 
cell type This is the type of cell called by others a myeloblast, micro- 
myeloblast, primitive blast and lymphoidocyte There was gross invasion 
or transformation of the bone marrow, spleen, lymph nodes and thymus, 
with infiltration into other organs 

402 Reiter, B R, and Freeman, J I Plasma Cell Leukemia, Am J M Sc 
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Isaacs and Sturgis studied 33 patients with monocytic leukemia 
Of these, 70 per cent were males The ages ranged fiom 5 to 78 years, 
with 59 pel cent of the patients over 50 Acute and chronic forms 
were noted, with one to three relapses and remissions In 1 case mono- 
cytic chloroma developed The symptoms and signs in order of fre- 
quency were weakness, 100 per cent, clinical splenomegaly, 82 per 
cent (8 patients who came to autopsy showed splenomegaly) , fever, 
82 per cent, loss of weight, 77 per cent, oral lesions (cheek, gums and 
pharynx), 73 per cent, pain, 64 per cent, hepatomegaly, 59 per cent, 
albuminuria at some stage, 50 per cent, purpura, 41 per cent, enlarge- 
ment of the cervical glands (usually mild), 41 pei cent, cutaneous 
lesions (other than purpura), 36 per cent, and epistaxis, 36 per cent 
Characteristic changes were noted m the blood Blood transfusion and 
arsenic gave temporary symptomatic i emissions, ii radiation was not 
efficient 

Osgood reported data on 6 cases of monocytic leukemia and 
- tabulated material for 127 cases lepoited in the liteiature The clinical 
features were summaiized as follows an acute course, an unusual 
tendency toward swelling of the gums and the frequent association of 
fever, stomatitis and hemorrhages The hematologic characteristics 
were the appearance of “promonocytes” in the blood and monoblasts 
and “promonocytes” in the steinal mariow A specific cutaneous lesion 
was described Wainright and Dufif^®*^ published a detailed study of 
a case of acute monocytic leukemia in a 40 year old woman, with both 
myeloid and monocytic response 

Kandel found reports of 175 cases of chloroma m the literature 
and noted that m most of the recent cases the chloroma had been classed 
as myeloid instead of lymphatic It was postulated that chloroma is 
simply a variant of myelogenous leukemia m which the myeloblast 
develops into an invasive neoplasm 

Roehm, Riker and Olsen described the occurrence of chloroma 
m a girl aged 13 years The blood was aleukemic until nine days before 
death, and no abnormal leukocytes were noted in the blood stream 
Profound anemia was present The tumor cell, at autopsy, showed a 
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negative reaction for oxidase There was extensive involvement of the 
cranium and viscera The authors concluded that the green pigmenta- 
tion was due to phagocytosis of blood in the obstructed capillaries by 
endothelial cells 

Forkner, Teng, Ch’u and Cochran reported the fifth case of acute 
eosinophilocylic leukemia recorded in the literature The average age 
of onset IS 35 5 years (17 to 45) with a duration of twelve days to three 
months The authors found that significant enlargement of lymph 
nodes was more common m this type than in other forms of myelog- 
enous leukemia and that gross immaturity of the cells was not so marked 

Pathology and Pathologic Physiology — Beltiametti, Rettanni and 
Bascape concluded that the anemia of leukemia is hemolytic and is 
a function of the hyperactivity of the spleen In 12 cases (myelogenous 
and lymphatic leukemia) they noted a reduction m the number of leuko- 
cytes after irradiation, with an inciease m the number of led blood 
cells, a lessening of the dispersion m the size of the red blood cells 
and a decrease in the evidence of destruction of hemoglobin 

Allen and Dickey studied the secretion of polymorphonuclear 
neutrophils into the saliva in 10 cases of chronic myelogenous leukemia 
before and after roentgen therapy An increase in the number of cells 
in the saliva follows maturation of myelocytes into forms capable of 
leukopedesis The authors said they favored the view that irradiation 
inci eases the degree of maturation of the cells, although under certain 
circumstances it may cause the death of some of the abnoimal forms 
Irradiation may lower the blood stream and gastrointestinal threshold 
for leukopedesis 

Strumia and Boerner studied the phagocytic activity of leukemic 
cells toward Staphylococcus aureus haemolyticus in vitro None of 
the cells of the lymphocyte series showed phagocytic activity In mye- 
logenous leukemia, hemocytoblasts and myeloblasts showed but slight 
or doubtful phagocytic activity, but metamyelocytes, rod nucleai cells 
and adult neutrophils showed active phagocytosis Turk cells showed 
no phagocytic activity Monoblasts showed slight activity, hemohistio- 
blastic cells showed strong phagocytic activity The lymphoid cells of 

411 Forkner, C E , Teng, C T , Ch’u, Y-C, and Cochran, W Eosinophilo- 
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infectious mononucleosis showed no phagocytosis Eosinophils showed 
activity but less than that of the neutrophils or monocytes Rieder’s 
cells showed slight but definite activity 

Benians noted that a gel was formed when congo red was mixed 
with leukemic blood 

In leukemia, Ishikawa found that values foi leukocytes uere 
often abnormally high, above the normal of 12 5 to 17 5 (aerobic) and 
11 to 12 (anaerobic) 

The nucleus of myeloblasts m leukemia, Ishikawa^^' found, had a 

of 6 5 and the cytoplasm a of 6 4 This was more acid than the 
neutrophilic leukocytes of healthy men (nucleus pn, 6 7, cytoplasm pn, 
66, granules, 71) While lymphocytes and monocytes had an acid 
reaction, eosinophilic granules were alkaline (/?h, 7 18) 

Bossa noted that leukemic leukocytes, especially of the lymphatic 
type, have the power of dehydrogenating fatty acids, with the production 
of keto acids (acetic) Bossa found that the cells m cases of chronic 
myelogenous leukemia have a higher glycolytic rate than those in cases 
of lymphatic leukemia The metabolism of the myeloid cells resembles 
that of neoplastic tissue, and that of the lymphoid series is more like 
that of embryonic cells 

The cells of the bone marrow, lymph nodes and circulating blood 
of patients with lymphatic leukemia were found by Look^*® to be 
without proteoljdic action, whereas the marrow and lymph nodes of 
patients with myelogenous leukemia showed a strong digestive action 
Stephens and Hawley found unusually high values for reduced 
cevitamic acid m the whole blood of patients with leukemia, owing to 
the preponderance of leukocytes Oszacki and Kurzweil noted an 
alkalosis of the blood {p-H., above 7 36) of patients with leukemia, simi- 
lar to the condition of the blood of patients wuth neoplastic disease 
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Watson found that the fecal excretion of urobilinogen was increased 
above the normal of 40 to 200 mg per day in cases of pernicious anemia, 
Hodgkin’s disease and leukemia 

Fiessmger and Laur described the presence of round cytoplasmic 
particles, 4 to 8 microns in diameter, in the blood of patients with 
chronic lymphatic oi myelogenous leukemia They aie probably arte- 
facts, secondary to abnormal cytoplasmic fragility of the leukemic cells 
Liberti concluded that the nuclear shadows seen in blood films in 
cases of acute lymphatic leukemia are artefacts Yaguda,^’® in noting 
the chaiactenstic “patterns” in the cell types of the marrow in the 
different types of leukemia, pointed out the diagnostic importance of 
studies of the bone marrow, especiall}^ m the aleukemic states 

Leukemia m Animals — In iriadiated and nonirradiated mice inocu- 
lation with tumor cells of myeloid leukemia produced proliferation of 
the inoculated cells m the spleen, liver, lymph nodes and kidney and 
leukemic transformation of the marrow, with discharge of immature 
cells into the blood stream From these experiments Rask-Nielsen and 
Rask-Nielsen postulated that m mammalian leukemia an agent is 
present which causes a proliferation of the cells of the marrow 

Greppm noted that bile neutralized the virus of fowl leukemia 
but that the inactivated virus did not produce immunity It was possible 
to produce some degree of immunity with virus attenuated by heat, 
but no antibodies (complement deviation) could be demonstrated in 
the blood 

Magat and Magat found that after the injection of lecithin per- 
hydrite into leukemic chickens, there were spectroscopic differences from 
the blood of normal chickens receiving the same injection or from those 
with avian plague, diphtheria or acute anemia The reagent was more 
toxic m leukemic chickens than in the others 
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Storti and de Filippi concluded that the reticuloendothelial sys- 
tem of the host does not take part in the development of leukemia in 
fowls after inoculation 

Using virus of chicken sarcoma, leukosis and osteochondrosarcoma, 
Furth and Breedis found that viruses multiply in vitro only in the 
presence of cells on which they confer neoplastic properties A single 
virus may stimulate both primitive blood cells and fibroblast-like cells 
Leukemic myeoblasts of chickens remained viable in liquid cultures and 
were capable of producing leukosis when inoculated into chickens after 
thirty days Viruses retained their chaiacteristics during observation 
for from three to five years 

Fuith, Kahn and Breedis were able to transmit a type of mouse 
leukemia by the intravenous injection of single living leukemic cells 
Injured cells or noncellular material was not effective in transmitting 
the disease These experiments suggest that geneialized leukemia may 
arise from a single focus, as opposed to the concept of multicentiic 
origin 

Barnes and Fuith were able to transmit leukemia (atypical cell 
type) from one mouse to another of the same group or to unrelated 
mice if the latter had leceived massive and repeated doses of loentgen 
rays Transmission failed when cell-free material was used oi when 
the cells had been frozen rapidly to minus 30 C When fiozen slowly 
to minus 70 C for thirty minutes or when kept at this temperature 
for thirty-two days, the cells weie able to transmit the disease, possibly 
because some cells escaped uninjuied Sarcoma tissue of mice can be 
fiozen to minus 70 C and preserved for at least fifty-six days without 
inactivation (Breedis, Barnes and Fuith 

Tieatment — Sgahtzer found that “total iriadiation” was effective 
dm mg the first two years in myelogenous leukemia but that in the 
later stages it had to be combined with local irradiation over the splenic 
area In using the method in lymphatic leukemia, local treatment over 
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the spleen and lymph nodes was necessary This method did not influ- 
ence the final outcome of the disease, although the course may have 
been somewhat milder than with the older methods 

Hunter^®® said he preferred high voltage loentgen therapy for 
chronic myelogenous leukemia lather than solution of potassium arsenite 
U S P For aleukemic myelogenous leukemia he suggested that high 
voltage therapy to the spleen is worthy of a trial In acute myeloblastic 
leukemia he found that all specific treatment was futile Roentgen 
therapy made “the patient worse,” and the use of blood transfusions 
and arsenic preparations should be discouraged, he said, because neither 
agent produces, with any consistency, even temporary benefit 

Parsons^®® repoited excellent results in chronic leukemia with 
splenomegaly with the use of radium Daily applications for thiee 
fifteen hour periods of 250 to 300 mg of radium, screened with 2 mm 
of lead, were made usually over the spleen once a year Unpleasant 
reactions were less severe than after roentgen therapy 

Stephens reported the production of hemopoietic and sympto- 
matic remissions in a case of chionic myelogenous leukemia with arsenic 
and in another with irradiation In the lattei case, therapy was followed 
by a marked increase m excretion of nitrogen, but there was no change 
in the nitrogen balance in the former case 

Eley found placental extract to be of use in stopping the hemor- 
rhages in leukemia 

The blood of a patient with chionic myelogenous leukemia was used 
by Bock to treat agranulocytosis Fourteen transfusions were used 
with successful results The withdrawal of the blood from the leukemic 
patient, with replacement with normal blood, was not followed by any 
harmful sequelae, and the author said it may even have been beneficial 

In the course of the arsenic treatment of chronic myelogenous 
leukemia, symptoms of arsenic poisoning may develop Kandel and 
LeRoy^*® noted herpes zoster, cirrhosis, keratosis, polyneuritis, eiy- 
thema, portal fibrosis and ascites Some patients showed moist rales 
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and a chronic cough The symptoms of conjunctival and nasal con- 
gestion and of gastrointestinal disorders may be relatively late features 
compared with the others in patients who show some degree of tolera- 
tion for the drug When keratoses appear the use of arsenic must be 
discontinued temporarily and cautiously resumed after a rest period 
Occasionally it is necessary to resort to roentgen therapy instead 
Ordinarily it is well to wait with arsenic therapy until the postirra- 
diation decline m the number of leukocytes has reached its lowest point 
Twenty-one day cycles of arsenic, interspersed with twenty-one day 
rest periods were lecommended 

Heinild and Schip^dt suggested the use of cevitamic acid in acute 
myeloblastic leukemia and m the chronic lymphatic form They said 
they felt that better lesults were obtained (decrease in leukocyte count 
and cessation of hemorrhage) when this treatment supplemented roent- 
gen theiapy The results weie less marked m chronic myelogenous 
leukemia 

BONE MARROW 

With the increased study of bone marrow, the liteiature on the 
subject IS becoming moie involved The steinal puncture method 
appears popular, but it is evident that quantitative data must be viewed 
with caution, as m some cases “pure” marrow is obtained, wheieas m 
others a weak suspension of some marrow cells in blood is aspirated 

Details of the sternal puncture method of studying bone marrow 
were reviewed by Vogel, Erf and Rosenthal They described the 
appearance of the cells found m health and m disease 

Kirschbaum and Downey found that the tissue section is the best 
method for the study of orientation in bone marrow, but the dry 
imprint method offers many advantages both for study of the cellular 
structure and for ease of preparation Dameshek, Henstell and Valen- 
tine said they preferred the biopsy to the punctuie method, but the 
latter has the advantage of greater technical simplicity 

Stasney and Higgins compared the cellular content of the bone 
marrow of the ribs and that of the proximal portion and of the middle 
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portion of the femurs of 35 dogs, using imprint prepaiations A remaik- 
able similarity was noted in all the regions studied, leading to the con- 
clusion that a uniform mechanism regulates hemopoiesis m different 
portions of the widely distributed marrow The authors concluded that 
“the appraisal of the marrow of any one legion will reveal what the 
trend of its cellular changes is elsewhere m the body ” 

Helpap criticized the sternal puncture method on the basis that 
bone marrow is not homogeneous and that samples taken from one 
part of a bone differ from those taken from anothei part He studied 
the sternal marrow of 32 patients who died as a result of diseases 
other than blood dyscrasias and found that 22 showed a homogeneous 
marrow He found that the mairow of the long bones may differ from 
that of the sternum 

Isaacs studied bone mai row obtained for biopsy and autopsy 
The cells of the sternal bone marrow of 152 patients with various 
pathologic conditions and of 11 normal persons were enumerated from 
measured suspensions in serum He found a great vaiiation in the 
number and in the relative predominance of stages in the marrow, 
depending on the physiologic state of the individual at the moment the 
specimen was taken Normally there are from 900,000 to 1,000,000 
nucleated cells of all types per cubic milhmetei Of these, 23 1 ±: 8 pei 
cent are primitive blasts (erythroblasts and leukoblasts) , 3 ± 1 per cent, 
megaloblasts , 7 2 ± 2 5 per cent, basophilic normoblasts, and 12 dr 7 
per cent, eosinophilic normoblasts In aplastic and hypoplastic anemia 
(nephropathy) the stage at which inhibition of giowth is noted is the 
primitive blast stage, m pernicious anemia, cirrhosis of the liver and 
most macrocytic anemias, at the megaloblast stage, and m leukemia 
and in infection, at the normoblast stage 

The normal myelogram from the blood-diluted material aspirated 
from the sternum was reported by Mallarme as polymorphonucleai 
neutrophils, 32 5 per cent , polymorphonuclear eosinophils, 2 per cent , 
polymorphonuclear basophils, 0 04 per cent , metamyelocytic neutrophils, 
12 per cent, metamyelocytic eosinophils, 0 5 per cent, promyelocytes, 
1 5 per cent , leukoblasts, 2 5 per cent , proerythroblasts and basophilic 
erythroblasts, 6 per cent, polychromatic and orthochromatic erythro- 
blasts, 10 per cent, megaloblasts and pi omegaloblasts, 0, lymphocytes 
and mononuclear cells, 9 5 per cent, monocytes and reticuloendothelial 
cells, 2 5 per cent , plasmocytes and irritation cells, 0 9 per cent, and 
megakaryocytes, 006 per cent The granulocyte-erythroblast ratio is 
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44 In pernicious anemia megaloblasts appear in the marrow, while 
m cryptogenic hypochromic anemia, macroblasts are present and the 
marrow is hyperplastic Secondary anemias are characterized by normo- 
blastosis, m polycythemia, by hypererythroblastosis and a megakar)o- 
cytosis, m leukemia, by leukoblastosis , in agranulocytoses of difteient 
types, by aplasia or hypoplasia of the gianulocytes, with or without 
change in the other elements, in cancerous conditions, by hyperplasia 
of neoplastic tissue, and in Hodgkin’s disease, by an increase in plasmo- 
cytes, monocytes, eosinophils and large endothelial cells 

In bone marrow of patients with Blight’s disease Alexeieff found 
a feeble erythroblastic regeneration, and the normal normoblast-gi anulo- 
cyte ratio of 1 5 was changed to 1 10 For 16 patients the erythio- 
cyte counts of the peripheral blood varied from 2,200,000 to 4,950,000 
per cubic millimeter and the leukocytes from 4,000 to 9,600 Alex- 
eieff attributed the anemia to intoxication of the bone marrow with 
nitrogenous products, proportional to the duration of the disease but 
not the degiee of azotemia Leukocytosis (mercury bichloride poison- 
ing) IS an evidence of bone marrow regeneration Hemorrhage is not 
due to till ombopenia, and the megakaryocytes and platelets are not 
affected The variations m the nonprotem nitrogen content of the blood 
and of the bone marrow are comparable In mercury bichloride poison- 
ing in man and dogs the nonprotem nitrogen content of the marrow is 
elevated above that of the blood, differing m this respect fiom most of 
the other nephritides 

Domarus cited 2 cases in which conclusions drawn from steinal 
puncture mateiial were exactly opposed to the actual condition in the 
marrow In the first case the diagnosis was active legeneiation, when 
in leality the bone marrow was aplastic, in the second case a false 
diagnosis of aplastic anemia was made 

Kingery, Osgood and Illge found sternal puncture a useful 
method in the diagnosis of leukemia cutis and in the differentiation of 
the lymphoblastoma Weller also found this technic useful He used 
a spinal puncture needle, 18 gage and 3 inches (7 6 cm ) long, and 
withdrew a bit of mairow tissue, from which films were made 

449 Alexeieff, G La moelle osseuse des bnghtiques Contribution sur I’etude 
de rhematopolese et definition de I’azote non proteique dans la moelle osseuse des 
bnghtiques, Sang 11 972, 1937 

450 von Domarus, A Ueber Irrtumer bei Auswertung der Sternalpunktion, 
Klin Wchnschr 16 557, 1937 

451 Kingery, L B , Osgood, E F, and Illge, A H Sternal Puncture A 
Diagnostic Aid in Leukaemia Cutis, a Possible Aid in Differentiating the L 3 ni- 
phoblastomas, Arch Dermat & Syph 35 910 (May) 1937 

452 Weller, G L , Jr Bone Marrow Findings in the Diagnosis of Certain 
Blood D 3 ^scrasias, M Ann District of Columbia 6 2 d3, 1937 
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Osgood and Brownlee''®® developed a method of tissue cultuie for 
the study of bone marrow aspirated by sternal puncture The mateiial 
IS grown in a synthetic saline solution containing dextrose Other sub- 
stances were added The number of mitotic figures increased from 
forty to sixty times the number in the original mairow With this 
method Osgood found that polymorphonucleai neutrophils survived 
in the solution for sixty-one (forty-eight to ninety) hours , eosinophils, 
eight to twelve days, and basophils, twelve to fifteen days 

In vitro studies of human bone mairow were made by Weitzmann 
and Posern 

Dameshek and Valentine®' studied the sternal bone marrow of 20 
patients with pernicious anemia at various stages of the disease Tissues 
fixed in Zenker’s solution (prepared according to the original formula, 
with acetic acid) and direct films were used, the lattei being more valu- 
able for cytologic data The earlier work of Isaacs was confirmed 
The changes in the bone marrow were those of panmyelophthisis rather 
than a disease of red blood cells only 

In cases of tuberculosis Engelbieth-Holm ''®' noted that spleno- 
megaly, anemia and leukopenia developed because of a restriction of 
the maturing or delivering of the cells from the bone mairow and not 
from a decrease in cell production 

Lorando found sternal puncture of value m the diagnosis of 
leishmaniasis He noted that splenic puncture was not without danger 
Giraud and Gaubert^®" said they pieferred tibial puncture, especially 
for children In kala-azar a positive diagnosis was made in 15 of 22 
cases by means of this method In 7 cases tibial puncture gave “nega- 

453 Osgood, E E , and Brownlee, I E Culture of Human Marrow Details 
of a Simple Method, JAMA 108 1793 (May 22) 1937 

454 Osgood, E E Culture of Human Marrow Length of Life of the Neu- 
trophils, Eosinophils, and Basophils of Normal Blood as Determined by Compara- 
tive Cultures of Blood and Sternal Marrow from Healthy Persons, JAMA 
109 933 (Sept 18) 1937 

455 Weitzmann, G, and Posern, E Ueber das Wachstum menschhchen 
Knochenmarks in vitro, Virchows Arch f path Anat 299 458, 1937 

456 Isaacs, R The Bone Marrow Changes (Quantitative) in Patients with 
Pernicious Anemia During the Period of “Reticulocyte Response,” Tr A Am 
Physicians 50 249, 1935 

457 Engelbreth-Holm, J Tuberculous Splenomegaly and Splenogemc Inhibi- 
tion of Bone Marrow Function, Bibliot f Iseger 129 17, 1937 

458 Lorando, N La ponction sternale, methode de choix pour la recherche 
des leishmanies. Bull et mem Soc med d hop de Paris 53 314, 1937 

459 Giraud, P, and Gaubert Valeur de la ponction de la moelle osseuse pour 
le diagnostic du kala-azar mediterraneen (d’apres les resultats de 22 ponctions du 
tibia), Bull et mem Soc med d hop de Pans 53 336, 1937 
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tive” results, while splenic puncture gave positive lesults In 1 case 
splenic puncture gave a negative result and tibial aspiration a positive 
result 

Huddleson and Hunger studied the phagocytic activity of the 
cells of the mariow aspirated from the cavity of the femur of noimal 
guinea pigs and of those immunized to Biucella and of cells fiom a 
patient with chronic myelogenous leukemia While the cells fiom 
normal marrow did not ingest the bacteria mixed with them, cells or 
sei um from an immune animal stimulated active phagocytosis Leukemic 
cells did not phagocytose bacteria, but when human serum containing 
immune opsomns was added, the mature polymorphonuclear iieuti ophils 
and the stab forms ingested bacteria, although the cells of youngei 
stages were inactive 

Biewer^®^ found that bone marrow had a high content of the potas- 
sium isotope 

In tissue cultures of spleen and of bone marrow Yagi noted inhi- 
bition of growth when estrogenic substance was added, but the growth 
was stimulated when androgen was used The leverse was true foi 
ceitam other tissues Corn oil and olive oil stimulated the growth of 
hemopoietic organs to the greatest extent of the ten vegetable oils used, 
the next most effective being oils of rapeseed, sesame and camellia 

In cultures of bone marrow Larionov found that toluene and 
xylene were more strongly toxic than benzene Ether and acetone 
killed the bone marrow cells only in high concentration Benzene was 
toxic to leukocytes m vitro 

HEMATOLOGIC TECHNIC 

Erythrocyte and hemoglobin values for newborn infants weie detei- 
inined by Andersen and Ortmann Wide variations among piesum- 
ably normal subjects weie found In general, the blood picture was 
characterized by macrocytosis and a high color index They suggested 
the usefulness of determining the total quantity of blood in the newborn 

460 Huddleson, I F, and Hunger, M Phagocytic Activity of Bone Marrow 
Cells, Proc Soc Exper Biol & Med 35 27, 1937 

461 Brewer, A K Abundance Ratio of the Isotopes of Potassium in Animal 
Tissues, J Am Chem Soc 59 869, 1937 

462 Yagi, M Ueber die Einwirkungen des Ovahormons und des Enarmons 
auf die Entwicklung der Organgewebe des Kaninchens m Vitro gezuchtet, Sei-I- 
Kai M J (Abstr Sect) 56 14, 1937 

463 Larionov, L T Weitere Studien uber die Wirkung der aromatischen 
Kohlenwasserstoffe und anderer Narkotika auf die Gewebekulturen, Arch f exper 
Zellforsch 19-16, 1936 

464 Andersen, B, and Ortmann, G On the Number of Erythrocytes and the 
Content of Haemoglobin in the Blood of Neu-Born Children, Acta med Scandina\ 
93 410, ipjy 
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Dhar found the average hemoglobin value foi native women of India 
to be 1147 Gm per bundled cubic centimeters, the erythrocyte count, 
3,730,000 per cubic millimeter, the corrected color index 0 99, and the 
mean cell diametei 7 microns His observations of lower normal blood 
values for Indian women than have been reported for the female popu- 
lation of Europe and America are in agieement with the findings of 
Napier and Das Gupta From his studies of the blood of noimal 
Filipinos, Navarro^®® likewise found in both men and women slightly 
smaller eiythrocytes, which contained less hemoglobin than those of 
healthy Americans Biedenkopf ^®^ detei mined the hemoglobin and 
erythrocyte values, the mean corpuscular hemoglobin value, the diameter 
and area of the erythioc54es and the hemoglobin content per squaie 
micion of surface foi 40 elderly men and women He found that the 
sex differences m regard to red blood cell count and hemoglobin level 
weie less marked in subjects over 60 years of age than m youngei 
pel sons Duheie and Adant^®® found that with an approximation of 
5 to 6 per cent, they could deduce from the hematocrit percental volume 
of the erythrocytes the concentration of non and of hemoglobin, the 
oxygen capacity and, in many cases, the red blood cell count Howevei , 
in comment, it should be pointed out that such deductions are valid 
only m the presence of erythrocytes of normal size and of a normal 
hemoglobin content The mean corpuscular weight of the red blood 
cells of healthy men and women was determined by Isaacs, Bethell and 
Kyer ^®® For men the average value was found to be 73 6 micromicio- 
grams , for women, 74 12 micromicrograms There appeared to be no 
simple correlation between hemoglobin weight and total cell weight 

Weld and Woodward ‘‘'® suggested a modification of the method of 
determining the blood volume with congo red dye Small amounts 

465 Dhar, J Normal Hematological Standards in Indian Women, Folia 
haemat 57 78, 1937 

466 Navarro, R J Hematology m Filipinos Normal Mean Corpuscular 
Volume, Mean Corpuscular Hemoglobin, and Mean Corpuscular Hemoglobin Con- 
centration, the Various Normal Blood Indexes, J Philippine Islands M A 
17 611, 1937 

467 Biedenkopf, H Das Blut des Menschen, mit neueren Methoden unter- 
sucht, absolute Hamoglobinbestimmungen Erythrozytenzahlungen und Erythrozy- 
tenmessungen bei 40 alten Mannern und Frauen zur Ermittlung des Hamoglobinge- 
halts ernes Erythrozyten und des Hamoglobins je /i® Oberflache des Erythrozyten, 
Ztschr f Biol 97 445, 1936 

468 Duhere, W L , and Adant, M Relation entre le volume globulaire et la 
concentration en fer Signification du chiffre de I’hematocnte, Bull Soc chim 
biol 18 1589, 1936 

469 Isaacs, R , Bethell, F H , and Kyer, J L The Weight of Red Blood 
Cells in Health and Anemia, Univ Hosp Bull , Ann Arbor 3 85, 1937 

470 Weld, C B , and Woodward, H E Note on Blood Volume Determina- 
tions, J Lab & Chn Aled 22 410, 1937 
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of hydrogen peroxide are added to both the standard and the unknown 
solution, thus bleaching out hemoglobin resulting fiom hemolysis The 
procedure is especially valuable in determinations of the blood volume 
of dogs, m which hemolysis is likely to be a troublesome factoi 

The mean diameter of erythrocytes was determined by Schalm,^"^ 
using different instruments for the measurement of diffraction rings 
Most accurate determinations of the size of the red blood cells w^eie 
obtained with Pijper’s mstiument, and by this method the normal mean 
diameter was found to be 7 8 microns Values were reported foi 
mean erythrocyte diameter in cases of hepatic disease and obstructive 
jaundice Freerksen found that the size of the red blood cells in 
health and m disease conditions is remarkably constant and that it 
depends on the size of the antecedent normoblasts He concluded that 
changes m the size of the erythrocytes occurring in vaiious diseases 
of the erythropoietic system must always be considered in conjunction 
with quantitative changes m the marrow 

Tocantins reviewed the subject of the technologic study of blood 
platelets He described many methods for the enumeration of platelets 
and their morphologic study A technic was given foi the study of 
platelets and megakaryocytes in sections of fixed tissue The volumeti ic 
measurement of platelets was discussed, as well as methods foi the isola- 
tion of platelets from the blood He also described the preparation and 
testing of antiplatelet seium He^^'^ found that the number of platelets 
in arterial and venous blood w^as significantly higliei in winter than in 
spring but that no such diffeience occurred m cutaneous blood In wintei 
the platelet count was found to be highest in arterial blood, but counts 
made in spring on blood from the arteries, veins and cutaneous vessels 
weie essentially the same He found no statistically significant seasonal 
variations in led blood cell counts 

A technic for the determination of platelet volume was described by 
Olef The principle of the method depends on immediate dilution 
of the venous blood with a platelet-preserving solution, rapid isolation of 
platelets by centrifugation and measurement of volume by subsequent 
centrifugation of the suspension of platelets in a thrombocytocnt pipet 
The mean total platelet volume for 31 normal adults was 0 33 volumes 

471 Schalm, L Measurement of the Mean Diameter of Red Blood Cells, 
Nederl tijdschr v geneesk 81 5786, 1937 

472 Freerksen, E Das Problem der Erythrocytengrosse — Eine anatomische 
Frage? Klin Wchnschr 16 1238, 1937 

473 Tocantins, L M Technical Methods for the Study of Blood Platelets 
Arch Path 23 850 (June) 1937 

474 Tocantins, L M Seasonal Variations m the Number of Platelets in the 
Arterial, Venous and Cutaneous Blood in Man, Am J Physiol 119 439, 1937 

475 Olef, I Determination of Platelet Volume, J Lab & Chn Afed 23 166, 
1937 
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per cent, with a lange of 0 26 to 044 pei cent The mean individual 
platelet volume foi the gioup was 7 3 cubic microns The author con- 
cluded that the determination of the volume of packed platelets is a 
useful hematologic procedure but that it should not be used as a sub- 
stitute foi platelet enumeration, because of a lack of absolute paiallelism 
between the volume and the total count, attributable to variations in the 
fragility and in the size of the thrombocytes 

The usefulness of a simple test for the estimation of erythrocyte 
sedimentation was discussed by Bannick, Gregg and Guernsey They 
found a threefold application of the test to clinical problems (1) detec- 
tion of disease, (2) measuiement of activity and progress of such dis- 
eases as tuberculosis, pelvic inflammatory conditions, acute cholecystitis, 
rheumatic fever, infectious arthritis, pneumonia and other thoiacic 
infections and suppurations, Hodgkin’s disease, acute febrile illnesses 
and acute coronary thrombosis, and (3) assistance m differential diag- 
nosis Biooks^'^^ and Dorfman and Brooks^"® desciibed a new micro- 
pipet for measuiement of the sedimentation rate and studied the effects 
of temperature, inclination of the tube and delay in carrying out the 
test after removal of the blood sample Frimbergei found an inverse 
relation between the minimum sedimentation rate and the hemoglobin 
value, the erythrocyte count and the color index when these determi- 
nations were below noimal levels Extensive expeiimental and clinical 
studies of the sedimentation rate, made chiefly on patients with pulmo- 
nary tuberculosis, were reported by Carez and Wynants They con- 
cluded that both the time curve and the time requned for the red blood 
cells to fall a given distance should be taken into consideration in deter- 
mining the rate of sedimentation, and they presented a mathematical 
expiession for the combined readings Their article included a partial 
review of the literature Volk reported the results of 1,000 determi- 
nations of the sedimentation rate made for patients with pulmonary 
tuberculosis The Cutler method was employed m this study He found 

476 Bannick, E G , Gregg, R O , and Guernsey, C M The Erythrocyte 
Sedimentation Rate The Adequacy of a Single Test and Its Practical Application 
in Clinical Medicine, JAMA 109 1257 (Oct 16) 1937 

477 Brooks, C New Micropipet for Sedimentation Measurement, Am J !M 
Technol 3 1, 1937 

478 Dorfman, R I , and Brooks, C The Accuracy of a New Technique for 
Measurement of Red Blood Corpuscle Sedimentation, J Lab & Clin Med 22 510, 
1937 

479 Frimberger, F Das Minimalsediment des Blutes und seme Beiziehungen 
zu Zahl und Hamoglobingehalt der Erythrocyten, Kim Wchnschr 16 90, 1937 

480 Carez, C, and Wynants, J H New Method of Reading Sedimentation 
Rate, Rev de la tuberc 3 774, 1937 

481 Volk, R Red Cell Sedimentation in Pulmonary Tuberculosis, Am Rev 
Tuberc 36 567, 1937 
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the test of especial value in measuring the activity of the disease in the 
presence of pneumothorax or thoracoplasty, roentgen findings fiequently 
being limited to evidence of pulmonary collapse Riseman and Brown ’®- 
studied changes in the sedimentation rate of patients with angina pectoris 
and coronary thrombosis They found a model ate inciease in rate in 
the former condition and much more marked acceleration m the lattei 
especially between the fourth and the twelfth day after the attack The} 
concluded that for two weeks after an acute onset the sedimentation 
rate may offer valuable aid in differentiating between angina pectoris 
and coronary thrombosis It is not useful in the prognosis of an acute 
attack but is helpful in measuring progress duiing recovery 

482 Riseman, J E F , and Brown, M G Sedimentation Rate m Angina 
Pectoris and Coronary Thrombosis, Am J M Sc 194 392, 1937 



News and Comment 


International Congress on Rheumatic Diseases — At the International 
Congress on Rheumatic Diseases held at the University of Oxford, March 28 to 
31, 1938, Dr Ralph Pemberton, of Philadelphia, was elected president, to succeed 
Dr R Fortescue Fox, of London, who did not wish to accept a new appointment 
as council member At the urgent request of the members, the secretary and 
director of the International Advisory Bureau, Dr J van Breemen of Amsterdam, 
who had tendered his resignation, expressed his willingness to remain in office for 
the present The other council members were re-elected Pi of J Rother, of 
Berlin, was given a seat on the council as representative for Germany 

A committee was appointed to collect statistics, to revise the by-laws and to 
reorganize the journal Acta iheimatologtca 

The invitation of the American delegates to hold the next congress in New 
York in June 1940 was accepted The official subjects to be discussed at that 
meeting will be (1) the role of infection in rheumatic diseases, (2) nutrition in 
rheumatism and (3) the social significance of orthopedic work in rheumatic 
diseases 

It was also resolved to hold a symposium on therapy in rheumatism and to 
furnish opportunities for the presentation of unscheduled papers 

American Congress of Physical Therapy and American Occupational 
Therapy Association — The seventeenth annual scientific and clinical session of 
the American Congress of Physical Therapy will be held cooperatively with the 
twenty-second annual convention of the American Occupational Therapy Associa- 
tion, Sept 12 to 15, 1938, at the Palmer House, Chicago Preceding this session, 
from September 7 to 10, inclusive, the congress will conduct an intensive seminar 
on physical therapy for physicians and technicians The program of the conven- 
tion proper will include numerous special features, and a variety of papers and 
addresses, clinical conferences, round table talks and extensive scientific and tech- 
nical exhibits are scheduled 

Information concerning the convention and the seminar may be obtained by 
addressing the American Congress of Physical Therapy, 30 North Michigan 
Avenue, Chicago 



Book Reviews 


Textbook of Diagnostic Roentgenology By Lewis J Friedman, M D , 

Director, Roentgen-Ray Department of the Bellevue Hospital Price, §10 

Pp 623, with 638 illustrations New York D Appleton-Century Companj, 

Inc , 1937 

This book consists of thirty-four chapters, which are divided among six clearly 
demarcated sections In the first section the author considers certain of the 
fundamental principles of the physics of the roentgen ray, describes the technic 
of fluoroscopy and outlines standard methods for obtaining satisfactory roentgen- 
ograms The succeeding sections of the volume are devoted, respectively, to the 
roentgenographic aspects of diseases of the osseous system, the respiratory sj’’stem, 
the cardiovascular system, the alimentary tract and the genito-unnary tract, 
including in the latter field diseases of the uterus, adnexa and female pelvis and 
roentgenographic pelvimetry 

The book as a whole contains a wealth of sound and practical information For 
the most part the descriptions of the various subjects under discussion are clear, 
and the illustrations are adequate, a few illustrations, to be sure, are poorly 
reproduced There are occasional line drawings which are well described There 
are concise, well written summaries describing the newer roentgenographic pro- 
cedures, such as the diagnostic use of iodized oil, ventriculography, encephalography, 
myelography, bronchography, kymography, cholangiography, urography, salpingo- 
hysterography, and methods of visualization of the spleen and liver These are 
especially interesting not only to the roentgenologist but also to the internist, 
because these newly developed methods are indicative of the trend this science 
has taken m recent years 

In each of the chapters many useful points of differential diagnosis are pre- 
sented, and diseases of the various systems are discussed in a manner which is 
helpful to any one in practice Thus the book is of interest to the general reader 
as well as to the specialist 

It is, of course, to be expected, because the book has attempted to cover so 
large a field, that many items would be briefly treated and some even omitted 
No reference is made, for example, to the roentgenographic findings in cases of 
spiue and steatorrhea Adenoma of the gallbladder is dismissed with one sentence 
These gaps in a measure are compensated for by a well selected bibliography at 
the end of each chapter 

The allotment of space for the subject matter has been wisely handled The 
book has been well written and is one that any physician can read with profit and 
find valuable as a work of reference It is well adapted for teaching purposes 
It clearly demonstrates the tremendous present-day value of roentgenography in 
the diagnosis of various diseases On the whole, this new textbook can be heai tily 
recommended 

Pathology of the Central Nervous System By Cyril B Courvillc, M D , 
Professor of Neurology and Psychiatry, College of Medical Eiangelists, and 
Director, Cajal Laboratory of Neuropathology, Los Angeles County Hospital 
Price, §5 75 Pp 344, with 200 illustrations Mountain V lew, California 
Pacific Press Publishing Association, 1937 

This new textbook has been written for medical students at their request and 
for this reason has been kept simple Because of its simplicity it will appeal to 
many general readers, particularly those interested in the nenous s\stcm but a 
little fearful of its intricacies 

The author, being a pathologist, avoids as best he can tlie attachment of personal 
names to the diiferent clmical syndromes that are encountered in the field of 
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clinical neurology Rather, he wishes to have his students learn to make clinical 
diagnoses on a pathologicophysiologic basis, and he attempts to show how this 
may be done in a logical manner 

His method of approach is pleasant He claims that for a proper understanding 
of diseases of the nervous system the life history of each lesion, as well as its 
peculiar predilections for certain regions of the brain or spinal cord, is of vital 
importance and that knowledge of the pathogenesis of the various diseases of the 
nervous system often gives a clue as to the nature of their early manifestations 
He attempts to lay the necessary foundation for such a point of view by a pains- 
taking clinicopathologic analysis of the material that has passed through his 
laboratory, comprising a series of fifteen thousand autopsies 

In this analysis especial emphasis is laid on the stage of development of the 
lesions under consideration which have been shown in his cases, on their gross 
morphologic character and on their ultimate effect on the nervous system Thus, 
relatively little space has been given to a description of minute histologic altera- 
tions, and a great deal has been given to gross pathologic and clinical description 
The subject matter is divided in an orthodox manner The congenital anoma- 
lies, the diseases of the intracranial blood vessels, the infectious diseases, traumas, 
the intoxications, the degenerative diseases of unknown origin, like multiple scle- 
rosis, and the tumors, each receives appropriate discussion 

The entire volume makes interesting reading It is well indexed, with a good 
bibliography for reference work It is beautifully illustrated with photographs 
and easily comprehended diagrams It contains many useful clinical aphorisms 
On the whole, this new volume on the pathology of the central nervous system 
IS well worth acquiring 

Some Fundamental Aspects of the Cancer Problem Symposium Spon- 
sored by the Section on Medical Sciences of the American Associa- 
tion for the Advancement of Science Edited by Henry Baldwin Ward 
Price, $2 50 Pp 248, with illustrations and tables New York The Science 
Press, 1937 

In the last days of 1936 the Section on Medical Sciences of the American 
Association for the Advancement of Science held a symposium on cancer at 
Atlantic City, N J The papers which were presented have now been assembled 
in book form under the editorship of Dr Ward The result is an impressive 
volume 

The book is made up of thirty-one articles, short for the most part, well written 
and well illustrated with the necessary tables and graphs to make for clarity 
Cancer is considered from four points of view heredity, agents that may stimulate 
or inhibit tumorous growths, the metabolism of cancerous tissue and irradiation 
and, finally, by general discussion The papers dealing with these subjects are 
grouped together as informatively as possible Each paper is wTitten by an 
authority m the particular field under discussion 

The student of cancer will be glad to have so complete and polished a record 
of this symposium Especially, however, medical students and physicians should 
be encouraged to read this book For if, as Dr Dublin predicts, during the next 
twenty-five years in this country the present annual toll of 150,000 lives as a 
result of cancer is doubled, cancer and its problems must continue to be of 
increasing interest to all members of the profession Here is an excellent oppor- 
tunity for physicians and students to learn how cancer is at present being investi- 
gated and to gam an inkling of the new lines of attack that are likely to be 
developed m the immediate future 

Der Blutdruck des Menschen By Eskil Kylin, MD Price, 24 marks 
Pp 322, with 22 illustrations Dresden Theodor Stemkopff, 1937 

This book represents 261 pages of discussion on the blood pressures of man, 
including not only the arterial but the capillary and the venous pressure as well 
Methods for determinations of the pressure in each class of vessels are described. 
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criticized and evaluated The physiology of the regulation of blood pressure is 
detailed Central, reflex, and hormonal control are gi\en adequate consideration 
Normal regulation is followed by pathologic physiology, leading to a consideration 
of both hypertension and hypotension Included are such special cases as tlie 
Cushing syndrome, diabetes, adrenal tumors, pregnancy, essential and postural 
hypotension and Addison’s disease 

Although the work is highly colored by German thought and ideas, the litera- 
ture reviewed is world wide, a fact well reflected m the text itself One will find 
m it little regarding specific directions for the handling and treatment of the 
patient However, it will supply the physician with much recent knowledge 
regarding normal and pathologic physiology, which is so essential to the proper 
understanding of the nature of blood pressure control and consequently to the 
rational management of the patient 

Le eritremie By G di Guglielmo Pp 23 Pavia Tipografia Gia Cooperativa, 
1936 

This paper is an attempt to classify the proliferative disorders of the erythro- 
poietic system logically The preferred term for the group is erjlhremic m\'closis 
The subdivisions, in order of decreasing anaplasia of the erythropoietic tissue, are 
as follows 

1 Very acute erythremic myelosis of the newborn (erythroblastosis foetalis) 

2 Acute erythremic myelosis (acute erythroblastic anemia) 

3 Chronic erythremic myelosis (Cooley’s erythroblastic anemia) 

4 Chronic erythremic myelosis, Vaquez type (polycythaemia vera) Inter- 
gradations between these forms and leukemic myeloses of comparable severity arc 
described and named (In the discussion which followed the presentation of the 
paper the author suggested including this fourth form ) 

The syndromes discussed appear to be more common in Italy than m this 
country The discovery and the recognition of the rarer types, especially tlie 
leukemic and erythremic combinations, are praiseworthy, and the logical classifica- 
tion offered is a credit to Italian hematology 

The Roentgenologist in Court By Samuel Wright Donaldson, MD Price, 
$4 Pp 230 Springfield, 111 Charles C Thomas, Publisher, 1937 

This IS an interesting book The author believes that most physicians know 
far too little regarding legal matters, and he here attempts to tell something of 
the mysteries of the law and how they may affect physicians 

The subject matter has been divided into fourteen chapters These chapters 
deal with such broad legal topics as malpractice, testimony and contracts and 
have, as would be judged from the title of the volume, a good deal to say about 
the roentgenologist and his legal position 

The author has quoted a great number of cases to show how legal opinion 
regarding various phases of medical work has become established So many legal 
case reports make the reading a little difficult for one unfamiliar with legal 
phraseology However, the book as a whole makes an excellent work of reference 
There is no doubt, as the author infers, that physicians are w^oefully ignorant of 
legal matters This book at least puts them m the w^ay of acquiring a modicum 
of medicolegal education 

Investigations into the Epidemiology o£ Epidemic Dropsy Ej R B Lai, 
S C Roy and S C Ghosal Pp 97 Calcutta Thacker, Spink & Co , 1937 

This paper, a reprinting of five articles from the Indian Journal of Medical 
Research, is a competent modern study of a disease of peculiar interest to public 
health officers The syndrome of epidemic dropsj has been recognized in eastern 
India since 1877 There have been frequent outbreaks, resulting in as manj •!<; 
1,575 deaths, although most of them ha\e invohed the relatncly few inhabitant^ 
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of small Bengalese villages Earlier epidemiologists attributed the outbreaks to 
bacterial toxins generated m infected rice The present writers appear to have 
eliminated nee as the poisoning agent and have demonstrated convincingly that 
certain pressings of mustard oil (the chief food fat of the victims) are responsible 
for the disease Unfortunately the nature of the toxic substance is not disclosed 
m this paper, but further researches are promised 

Clinical Studies of Tributary Thrombosis in the Central Retinal Vein By 
Viggo A Jensen Copenhagen Levin & Munksgaard, 1936 

This work offers a complete study of the vascular system of the eye as a pre- 
liminary to the mam theme, tributary thrombosis of the central retinal vein 
The author attempts to prove that there is a system in the apparently irregular 
branching of the retinal vessels, and he feels that he has established certain typical 
variations m the known course of the vessels 

The second section of this treatise deals with clinical studies of cases of 
tributary thrombosis The ophthalmoscopic picture is described and correlated 
with the anatomic studies reported m the first section of the work 

Studies of the visual fields m the course of the disease and many drawings 
illustrating the picture of the fundus in cases of tributary thrombosis accompany 
the text The fifty-four patients studied were followed through to the ultimate 
conclusion 

The Endoennes in Theory and Practice Republished from the British Medi- 
cal Journal Price, 9s Pp 278 London H K Lewis & Co , Ltd , 1937 

This volume is a collection of papers reprinted from the Butish Medical Journal 
and designed to familiarize the reader with the present status of endocrinology 
The subject is discussed from a practical standpoint, and theoretical considerations 
are eliminated so far as possible 

The pituitary body, the thyroid gland, the adrenal glands and the gonads are 
discussed at length The thymus, the pineal body and the parathyroid glands 
receive somewhat less attention 

Clinical considerations of diagnosis and treatment are given a prominent place 
A difference m the British and m the American point of view is shown in 
certain places This is particularly evident in the discussion of the etiology of 
goiter and in the treatment of hyperthyroidism 

The whole book is sound and conservative, and a place in the literature of 
endocrinology is well merited 

Diseases o£ the Nervous System in Infancy, Childhood and Adolescence 
By Frank R Ford, M D Price, ^ 50 Pp 953, with 107 illustrations, 14 
charts and 14 tables Springfield, 111 Charles C Thomas, Publisher, 1937 

As it IS well printed and beautifully and profusely illustrated, one immediately 
has a sense of pleasure on opening this book Dr Ford has dealt with his subject 
thoroughly Of special value are the discussions of the neurologic conditions of 
childhood One wishes that he had devoted more space to these, since there is 
otherwise a good deal of material which is readily available in general medical 
and neurologic textbooks Especially valuable are the references, conveniently 
placed after each section The abstracts of individual cases make a difficult subject 
more vivid and comprehensible 

La thrombose de I’artere bronchique, cause de dilatation bronchique 
chromque de I’adulte By J M Lemoine, M D Price, 30 francs Pp 189, 
with 27 illustrations Pans E Le Francois, 1936 

In this brief monograph the author sustains the thesis that bronchial dilatation 
IS due to thrombosis of the bronchial artery While one may not agree with the 
conclusions, one must admit that a good deal of interesting material has been 
assembled 
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